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t ~ 1//4:50 Octobe-r 1945

Nte~ os, 3-S.1 and B-8.2

i~:w'3 .1 ~r~s DCalO.uFt f 3~ Amre r Undertaýhoin
- ~ ~ ~ ~ ~ ~ J a 7B7 vfT hoi ar TI

To r'gt;ieyt ti xu3snltj ofac x~ a ra' at thiis l~alborat-ory
IUFI'U ;t I 3 iurN. &j-I!'a TI.

3,. pt tiv re~luect of the o.ffice, Chieýf of Ordviance, and in ooop-
ca,.xon urltý- ot.ýer Or~linnca agevncies and vu~rious wmnnufctururs, work
11ha: ',!o culnoited a:. flits Arsc~idl. sinco uc 19443, on thu developixent

P i~janL- LrI~i tu nrtcblesworo developod and an
1w-.'ti on teoclml ju ivoli the use efone of tý'hem against aamples

a'. ~ ~ ~ !.U - UŽ L ~ -. (± ~ ta oe); UUIUJIJJ3S tct A. liltOQ 1'1 "L;1pb&&1ý

f -~ tq zh n s19a1.ohrW. vi"- izax-)ied by su~ggestions £rcqn

5. *..ore < 'na-teri'1s (steLrio-fc:rIouIs metals, fabrics and
!JntC aan:te~ ~e-atomted a ndj ths following gnnernl observations

i~utentt steLa,.vi nickel- alloys ae)poar to be at

Uj. 'orri- t ie s ý;Želsr ajp'B7ar to be lbest %-qeco"
Co~n I ' .rc)trdtroýAtnoqt qt ver~y low temperature

-A ~ -u *inu all oys3 ;par to oc, best whe the yhaeih

tuit, e.vcd'&ti falinxe In in h1 i- hi,-h hardness ma.,, be detrtrp-1 na1.

r 1. qaDPoroicLty o' sil~k ov'ýr other fabrics lias riot beanl
'Lt 'ou'. .-t.s~l axltq. tf then avail~able fabrics, nylon 14A m. C r o,.rL5, sn'ir th"V~e is reasoni to believce that clioý l~y-wovefl,
3 ~ . "~t traýv fabics are desJ-rirble.
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e. Dorou dtadi hii& and ,hoxlde &brjve other plastiZi

la•stna&1s which have been toete&.

f, Tests were condacted which In&i3ated tht it is 1 e.lrabl0

to ose as Targe plates an are consistent with f•exibilitY in body armor

•.eib£el. These ind1oitlons have been recogunte& in the latest Ias1OgA.

4. U opinion has been expressed herein as to the logical course

of fulturs exper~,ivenaAl an6 0vl~ pent vqrk on this prejoct.

ý}j.. I. S ULL I TAX
Assoc. Ingtneer

1. A. KJIT"14vi

Lt. Col., Ord. Dept.
Director of sboraxory

,I•f. .L NO ti I

I)

-~ z"Dist



DuringT. tho win 2cr of 1:/4,aw a rt-.vdt of a co1i)reh.Avi~iv'3 Stýuly.

of the occuirrencre of wounds4 to wme~ors of e.rewe~ of combalt bouhitnts,

planes of the %iýtth Air Force, it btcm p~r~tthat a1 oostiie-rable

portion of them could be attributed to so-ra11ed "'lai vaolcityrrLsih'

These deductions weit brought to the attention of the Ordnance

Deparkienti eariy in 1043 and in replýg( the Dlepartment furrnishOed a

critical analysis of the problem based on the data presented arid reocoe-

mended a program to develop desirable nitrycharacteristics.

Subsequentlj 3 the Commanding- flneral of the E7ighth Air Forcei pro-

conted a further analysis of causesa of woinds to crewmen of' bombing,

aircraft, as follows:

Flak 38

__ 220 man. HE Shell Fra-.ments 59%

Machine Gun Pullests 15%

Secondary- Uissil*es 8%
(pieceý of Aircraft)

The~se data were based on 303 wounds of whiich 21-f were due to low velocity

missiles.

In this same corinuunication ware statementzs concerning, protection in

actual combat provided by armor made experimicntally in tvrigland -anl a

description of' Us- armor used. The basic, armioring componeonts were over-

lapping plates of (H-adfelid) vsnganese steel sewed in pockets of light

fabric and backed by flax canvas. Io'm- typles of garmunots wer-. in use

designed to afford the various ormiwnio protection without interferingý

with the performance of their ordinary duties.



"It was urgently requested by the Commanding General of the Eighth

Air Force that *production of this body armor be undertaken in the

United States as soon as possible, and this Peadquartere be informed of

the action takan".

On 6 July 1943, the Air Force Materiel Command, which had initiated

development contracts wider this project, was directed4 to turn over

thia project to the Ordnance Department and the same communication con-

tained a request from the Army Air Forces for immediate procurement of

over 25,000 armor assemblies of the four types used in rsngland. It was

required that 25% of that quantity be delivered at the port of embarka-

tion by 5 August 1943. This latter stipulation set in motion some

fast, furious and productive activities in the Ordnance Department.

Within 24 hours after receipt of this request, letters of intent

were placed with three prime contractors* Tests of materials were

initiated at the Bureau of Standards, at this Arsenal and at other

Ordnance establishments. The advice of this laboratory was asked con-

cerning factors to be controlled in the procurement of the steel compo-

nents. Its opinions as to the desirable chemistry, gauge, surface

condition, heat treatment, physical properties eat ballistic

characteristics of the steel to be procured was sent to the Ordnance

Office by air mail on 10 July 1943. On 12 July 1945, an improved design

submitted by the Eighth Air Force was received from the Army Air Forces,

The improved design was incorporated in new drawings and mpecifications

which were issued under date of 15 July 1943, on which date official

approval of procurement from axperimental funds available to the Ordanee

Department was given by the Ordnance Crcmaittee 6.9 By 5 August a few more

- .r-, s7'+.,%
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than the stipulated 25% had been produced, inspected, packed and

delivered to the Port of Newark.

Wile crewmen of the Eighth Air Force had thus been furnished with

the protection specifically requested, it was considered by the Arw

Air Forces 7 and by the Ordnance Departmrnt that improvements in design

and in components were possible and recommendations 8 were initiated to

assure such improvements as soon as the overload on Ordnance facilities

occasioned by the urgency of initial procurement of these assemblies

would be removed.

A representative of this laboratory took parý in discussions *t

the Office, Chief of Ordnance, on ZS September 1945 during *aioh the

problems involved in improving botr armor were outlined. As a result of

these conversations this laboratory was requested9 to undertake a three-

fold program of d.velopment of improved bedy armor.

a. To devise a method of test procedure based in general

on the infom-kation given iz the letter of authorisati.on

which would be suitable for use in testing armor of

current production ard which would give an acurate

picture of the quality of iaterial then being supplied

by various manufacturers;

b. To develop a steel for the plates which would be superior

110 AuL..Lt .t.ha A.4- .u.4 a of tests tonb tha +3,n

dqwised under a.1

c. To determine the aninaum thickners and optima area for

production of steel plates which would be definitel

superior in ballistic characteristics to those then

currently in use or to sany tich night be developed in

accordance with b.

-.- - . . .- -,. • • - • • ,. , .



II. De veloaent of Test P1rooedures

Since no experience in testing body armor was available at Vhe out-

set of the program of procuremrnt of armor asseomblies, it was necessary

to adopt a test prooedurem0 which seae-i to givo some indication of the

ability of the armor to resist perforation by low velociV missiles.

This test involved subjecting the armor to impact with a cal. .45 ball

projectile fired at service velocity (about SO to 800 feet-per-'second) and

also to a round of statically detonated 20 m. H*E. Shell and basing

conclusions as to the acceptability of the material on the resaulte. (This.

test is etill being applied to the finished garment as a final check

4• although specifications based on later and more competent data are now

applied to the components prior t- -,isembly.)

It was, however, contemplated that a special test would be devised

which would sort, adequately reflect service conditions of attack aod

provide a basis for a more valid evaluation of a material's roesistanoe

to service Dorforationý

Such a test ideally would consist of actual fragmentation of

servioe projeotiles, and such touts were promptly suggested by th7ws

labomtofll, but, because of the inherent variabtlity of fr! trsn .Sion,

ths nAbez of rounds, necessry to give results fran which t:4 >r -alid

conclusions could be drawn discouraged the application of such methods,

and shifted omnIanijg :Ln the A4-.&*-A J..s of att fihwoul~d be simple,

reproducile and amue Rble.

The aesessity for developing a reproducible and easurable teae'

iatrodanW •t the outset a certain handinap which will probably never

be over*ome ospletely. Studies of the behavior of fragments of high

K eplieive shell after detonstio,. the results of which havre be ecoing

--- ~-6--------



to light since the inception of this problem, have brougft out the fact

that porhaps no two fragmonts are identical nor is the pattern or rate

of their successive orientations the same. Had the implications of

these facts been fully realized when the procurement of body armor first

became urgent it is doubted whether duplicability and measurability

would have been insisted upon.

however, such was the requirement voiced at the time, and steps were

undertaken which have resulted in fulfilling it in letter, if not in

spirit.

Although reports from the Medical Department in the European Theater

of Operations indicated that a majority of wounds were cauaed by low

velocity missiles, the Ordnance Office in requesting development of a

test procedure raised a question as to whether such wounds were actually

caused by low velocity missiles of large mass or rather by relatively

high velocity missiles of smaller mass.

It was auggested tnt a tst pbroce une b dovesoped which would

include fi ing at low velocity with projectiles weighing about 150 grain

and at higher 7elocities with projectiles weighing about 15 to 20 grains.

It was stipu2ated that these projectiles should incorporate a sharp or

cutting edge to simulate the irregular shape of a fragment. Further

investigation indicated that the typical hardness of a fragment was

between 220 and 240 EN. Because oi wie y....i ...ut of fra•-ntation

there was found to be no typical shape for an P .E. fragmenr.

Akeordingly there were soon developed' 2 t'o cal. .50 projectJl'4s

weighing respectively 54 grains and 158 grains which had wedgelike noses

and were capable of being fired from a standard cal. .50 Mann barrel

N reproducibly and measurably (Figures I, 2, 5).

S-7-
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Thus, exoept for the weight of the smller projeý6t¶Je, wlich was

the minimum weight which could be made up in cal. .50 size, there nuw

seemed to be available projectiles -which would meet the requirementa

stipulated.

However, thie velooitiec at *t joh the heavier projectile perforated

Hadfield manganese steel of the thickness used in body armor assemblies

war* so low that little or no conclusions could be based on results of

such firings, and Ahen, later in the program, materials other than

steel commenced to be investigated tMie inevitable variability of

adhesion of the sabot to the lighter projectile began to became a factor

which influenced results and obscured the true performance of the armor.

The developmentr5 of a one-piece cal. .22 projectile of 17.4

grains with a chisel nose, capable of being fired from an ordinary

cal. .22 rifle, (Figure9 4, 5, 6), eliminated the problem of sabot

adhesion and satisfied the weight requtrement for a lighter projectile,

and the greater percentage of work done at this arsenal in investigating

various materials as prospective br>dy armor components has been based

on results of firings using this projectile. While a disappointing

lack of correlation has resulted between the relative resistance of

materialr to perforation by this projectile and to perforation by

actual fragments of statically detonated 20 mm. high explosive shell,

due to the uniformly efficient manner* in which this projectile perfo-

rates material and the variable inefficiency with which an actual

fragment, because of its random behavior in flight, perforates material,

it is believed that the results of firings with this projectile may at

least be used to advantage as a basis for evaluation of the control of

-8- t

*Te& project i arfird tedarrelsanpresent thorlselve.s
totetarget nivawed anid at normal incidence *



r.* • RJ..TJrcr t i ; ;; J I ; Lii -......

Tlality being exercised by the supplier of armor material.

Sinco this lack of correlation became evident, evaluation of

tne relative merits of different materials has oat been based on

firings with this projectile and the full realization of the implica-

tions of the variability in size, sbape and behavior of fragments has

raised doubt as to the duplication of their effect in a single measur-

able and reproducible test. aowever, when more is knonr as to the

relative resistance of materials to actual fragment attack, and programs

are curxrntly underway which will develop this information, it is con-

sidered that by reducing tte efficienny with which the projectile

presently perforates material (probably by causing it to attack

obliquely) a reliable and economical subbtitute for the present prodigal

proccodire** may be developed.

Although this projectile is not currently used to evaluate the

merits cf different materials, it is used in a specification teat

...........................- 14.1 .
suggested by tbio labnortory'-1- Mo estaolisn limits, for saeriais

which have passed actual fragmentation tests, within which subsequent

lots of the same material must fall as evidence of continued control of

quality.

III. Investivgon of prospective Component Materials

.n the correspondence initiating development of body armor at this

laboratory it had been specifically requested that a steel superior to

the type then in use be developed. As time went on, however, materials

**It is necessary to submit 40 samples 24" x 24" to actual fragment
attack before a reliable estimate of the resistance of a material
oan be made.

T.9 A.



other than steel have boon inv/sti/ted1/

Accordingiy, over a period of several months, a large variety of

materials have bjen tested as possible components of body ar'Ior

assemblies Tho-e fall rather naturally into four general . Jasifi-

cations, - steels, non-ferrous metals, fabrics and laminates, - and

will be discussed herein under those headings.

A. Steele1 6 (Table References are maee to Appendix A)

1. Hadf eld Manganese Steel

a. fecause of the urgency of the original procurement of

body armor, Hadfield manganese steel, wh - was used in the "flak suits,,

first developed by the British and t icb has been L:-.d in both World

lars for helmets was stipUlated as the basic antoring component. (It

was contended that the raote of body armor and helmets would be quite

similar and a material propOr for one application would be proper fc.

the other application.)

o. Although it wa_ felt that the orW.gial armoring

component would provide adequate protection it was ntive.theless Con-

stdered desirable to improve Tne resistance o. this element if posvible.

C_, 1Ihere were readily apparent two avenues of approach to

this objects (a) improveoasnt of the resistance characteristics of

Hadfield manganese steel; ur (b) development of a steel of different

chemical comr.osition with bettor r u characterls.4cs.

d. Since there was available a considerable store of

knowledge concraing Hadfield mlnganese ste 1, as a result of its use

in helmets, its most rev.%.etant conditton, according to existent

criteria, was rather weLI defined and aside from a fwO corroborative

N:



studies of the effect of variations in hardvnss, mic.rostiiuctuy, and

thi'OcIaQesll's 0, the efforts of this laboratory vore, for the most part,

exp)rided in the dovelopment of inspection tests tiich would tend to

eliminate material of inferior quality.

D. The results of various t-sts indicated that dead soft

(Rockwell 'B" about 9C) Hadfield manganese steel free of decarburiza-

tion and free of wudissolved carbides represented the optimum condition

of that material as regards resistance to perforation by fragment-

simulating projectilesu- There was considerable evidence, however, that

much of the material then being used in body armor assemblies, while in

tan dead soft condition, suffered from the presence of deuarburization

or of undissolved carbidos.

f. It was, therefore, deemed mandatory that a specification

calculated to promote the acceptance of steel of good quality and the

resotjon of steel of inferior quality be introduced. The difference

between steel of dasirable quality and that of undesirable quality

could most excc•x-tely be ,etermined aetallograpbically, but, because of

the scariýty of_" personnel trained to conduct metallographic examinatio-ns

such a dovicm was out of the question as aR inzpection tool. Te.ats

indicated that a bond test 21 and a magnetic test 22 would rellably

differrntiate between acoeptable and rejectable material. These test&

could be app)ied and interpreted easily and qtickly and were, therefore,

ideal inspection toole. Consequently, such tests were introduced into a

spc•ification 2 5 ewhich was applied to the material in the hands of the

Stteel producer prior tc shipment to the fabricator* The conscientious

application of thit speoification asmzres a high probability of

"rejection of object! onable materilO..

"-1!- I .. . .• ' '
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•. Since it was considered that t-e capabilities of

Iadfield mnganese steel as a resistor had thui been fairly wel

exploited, attention was soon directed into the 9econ avenue -

development of a steel of different composition "An superior resistance

characteristics •

2. Other Steels

in cooperation with several steel produaers and heat treaters,,

various steals in various oonditiono of heat treatment and in various

gauges have been investigated.

In resistance to perforation by cal. .45 ball projectiles or

tV the fragment-eimulating projectiles developed here, all tese steels

exhibited one common characteristio-inferiority to Hadfield manganese

steel of equivalent gauge, when the gauge was less than .050".

When the gauge was greater than .050 some steels with high

tensi-le strength ha-ve ah-orn tonencidraz iw toqUML aqua]. Pal-' WP

fladfield manganese steel in resistiag perforation by theme projectfles 24.

It is reasonable to expect such a tendency to asesrt itself as the gauge

increases because such an increase imposes restrictions upon ti ability

of the Hadfield steel to deform prior to rupture, to which ability that

material owes its superiority.

8incw differwnt materials tend to excel under test of different

projectile. and mince none of these st..l. has been given a significant

fragaentation test, tioh, in the final analysis, should be our criteoria

of merit, no attempt rill be made to list these ateriala in order of

their ability to withstand expected service attack. ltead, a recital

af the types tested, together with observation as to their behavior

wader attack of fragent-elaulating projeotiles follom



Stainless steel wan teated in three conditions of h~c*'

noes iuduoed by cold working". In the 01/4 haid- (27 Rockwell nC-)

condition it exhibited much better overll reistanoe characteristios

than in the "1/2 hard, (35 Rockwell "C") or "full hard- (45 Rohkrell

"C") oonditio.s (Table -I). Later teats (Table IV*) oorruboreate these

findinp, although the differences were lase distinct, and indicated

that when the nickel content of anX 18-8 stainless steel was incroaed

fron 7% to 9.6% a drop in elongation ooourred which was reflected in a

drop in resistance to perforationn6 .

This stoel, as heat-tre&tWd to a hardness of Rookwell

"CA 54 to 5e, exhibited resistanoe ohara4toristia Vwhich were inferior

to other ferritio steels (Table 11)27.

-. SAN 4540 Steol (Mdfkgad)

Samples of a modified SPX 4540 stol as no-avalized, oil

qnenched and tempered .o S0, 40 and 50 Rookwoll l," were tested (Table VI1),

No appreclatle difference in the perforation reeistanoe of this stool at

30 Rockuell "C* and at 50 Rockwell "C' was observed. The stool of inter-

midiate hardness was somwat interior to these and all were esbetantiaW

i-xferior to PAdfteld manganeee steel of equivalent weight. The quality oa

these essples wAs very poor, however, and direatio13l failing due to noo-

&.t&llic stringers was frequent

d. I, -Mo 3tetj

Several samples of umangeso-m•bdt*n• steele have been

tested (Tobles III, X, It and XIII). The mangnese content of these

steels varied fros 1.19% to 1.80% and the solybdumun oontn, from .5% to.

-r.



.$1% while the carbon content hovered about .25%. Various heat treat-

ments were employedt water quench; water quench, followed by tempering;

oil quench; otil quench, followed by tempering; and austemper, with and

without agitation. While no clean-cut decisions could be made because of

the variability of samples, it appeared that sanpiec as-quenchod, with a

stress-relief treatment at 300*F, were superior to samples in any other

condition. Samples at the loxer end of the .040" to 9050" thickness range

were substantially inferior to Hadfield mangnese steel, but as the gauge

approached the .050" mark samples of this steel showed equivalence to, or

even slight superiority over, the austenitic steel or equivalent weight 29"6 2 .

L e. 0.70% Carbon Aeola Steel

The resistance of a normalized, oil quen<hed sample of

t.-is material, tempered to 41/42 Rockwell "C" was inferior to that of &

noroalized, oil quenched sample tempered to 49/51 Rockwell "mC under

impact of cal. .22 fragment-simaalating projectiles and samples

austempered to 49/50 Rockwell "C" and 53/54 Rockwell "C0 were substantially

superior to both although i nferior to Hadfield manganese steel (Table IV).

Under impact of cal. .45 ball projectiles, very little difference in re-

sistance was demonstrated among the mam-lee tested 3.

f. Silico-Mansanese Snrini. Steel

A .042" sample of this steel, temapered to 49 Rockwell "C"

exhibited resistance to perforation br oal. .22 fragsent-eimulating

projectiles, 0-2, superior to that of an equivalent weight of gadfield

manga.nese steel, but'under impact of the cal. .45 steel-jacketed ball

projectile, the reaintanoe of a similar sample was greatly inferior (Table 1II),

The resistance of samples tempered to 40/45 Rookwell I,"0 was considerably

inferior under both types of attaok5 4 . .

-14-



j•. §A±z-Qr-YIo and Cr-mo-V Steals

Samples of steels of these two types were given three

different heat treatments: oil quench and tempor; aumtemper; ard

normalize. The normalized samples (Rockwell "C" 49 and 51, respectively'i

afforded greatest resistance to perforation by both types of projectiles

and both "ypes appe-ared to offer equal protection (Table rIIl)". The

quenched and tempered samples (RocIWell "C" 25 and 57, respectively)

gave poorest results with little to choose between types. The austempered

samples (both 46 Rockwell 11Cr.) produced intermediate results, with the

Si-Ni-Cr-Mo steel exhibiting slightly superior resistance charrtteristios,

All samples, however, were considerably inferior to tihe Hadfield type.

_h. An Austenitic ste21

Samples of an austenitic steel of special analysis were

tested Ras annealed", and as "1/4 Hard", "i/2 Hard", and ?Vxull it-rd"5.

Tne "as annealed" sampls was superior to that of the hardened samples.

Under impact of the cal. .22 fragrnsnt-situlator, the "1/4 Hard" sample

uppearsd to be best. Neither approached the performance of Hadfield

stee. under similar conditions of attack (Table IX).

AX 14-0 Steel

Samples of this steel were tested "as rolled" and after

an "oil quench and stress relief" treatment. "As rolled" the resistance

of this steel was very poor (Table XIV). Heat treatment of a sample

which was .048" thick increased its resistance to bctb types of projectile

ijmpat to the point that its performance duplicated that of Hadfield

mang9nese steel of equivalent gauge 3 7 .

Samples of this steel were tested "as rolled" and after

the same heat treatment as was the SAi X4230 steel above (i). Thase

-15-



namples were .042"/.0453 thick and although heat-treatment increased

the resistance of one sample to perforation by both prcjeotiles, only

ito resistance to cal. .45 projectile perforation approached that of

ladtield steel (Table XIv)5 8

is* U4E§620 Steel

Sample. of NE--8620 steel "as-quenched" and mas-tampered"

at various temperaturos were tested (Table XVI). The "as-quenched"

samples again ethibited the best resistance characteristics . However,

evean "as-quenched", these samples did not compare with the NE-8650

samples above (j), which were heat treated here3 9 .

j. Ni-Mo Steel

Samples of a nickel-4olybdenln steel in several condi-

tions of heat treattent were tested (Table XVII) 0. Under impact of

the cal. .45 ball projectiles a normalized sample provided superior

resistance. Under impact of cal. .22 fragnent-slmulating projectiles,

tAnnrm1nAiad AAnmnlar and AmniA nr& nivfd-t 00P f~

quenching in oi). were superior to samples which had received other

heat treatment. None approached the performance of Hadfield manganese

steel, however.

a_. si-Cr-o-Zr Steele

Samples of a Si-Cr4Mo-Zr steel in several conditions of

b. ~ ~w,4r tate 4w4J1m.fl rrv nr.A...a.&.. At 1-1¶

projectiles, samples "as-quenched.,, "normalized", and eans tempered at

675*F." were superior to others, and under impact of the cal. .22

fraent-siaulator a sample stress-relieved at 500SF. after quenching

and a sample ,as-quenched" were greatly superior to other samples and

SA -
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equivalent to Hadfield manganete steel. All these samples were in the

upper end of the thickness range, .040" to .050".

5* Suarzaion

Since the resistance of steels other than the Hadfield

manganes typ to perforation by actual fraipents of hign-explosive

shell has not been definitely established, no authoritative estimate

of their relative merits oan be made.

However, if resistance to perforation by the cal. .R

frogment-eimulating projectiles, 0-2, may be oonsidered a criterion of

a steel's resistance to perforation by actul fragments, the following

observations are pormissibles

a. For oonsistent high resistanoe to perforation, in

thicknesses of .040" to .045"j, Hdfield manganese steel, free

of decarburization and free of undissolved oarbides, is out-

5tandings

b. Silico-manganese stee•, tempered to a hai•nes of

about 50 RooCkwell "CI merits additional investigation and

should be given an actual fragmentation teetj

oe As the thickness nears the .050 pauge,, ferritic

steeos appear to be able to match and sometias better the

perfomane of Hadfield sanmnese steel;

d. Among ferrItic steels, greater resistance tend# to

attend higher hardness, unless inordi.ate brittlne•e acoom-

pwnies the hardnessi

*. Thus, @as-quenched"' samples tend to be betteor than

usaple. tespered to a lower hardness, but if the iam hard-

oess *an be aohieved by normaluing, or after a str•ss-relite

trea nt at aknt 500•F*, the resultIM pro~at, witb re@dwde

r r



britAtleness, seems to afford slightly better protection.

_f. AustenJ tic steels, in general, tend to offer greatest

reslatance in the edo&&-soft" co Ation, as-annealed; this is

not inconsistent wtth the observations made on ferritic steels,

5 since in the case of the austenitic steels, increases in hardness

above the 0dead-coft" level must be induced 6y work-hBadening

which apparently introduces brittleness, even when only slihtly

applied.

B. Non-Ferrous Metals (Tablo Referenoes are made to Appendix S)

1. Aluminum All,)ys4 '

bcaiuse of the promise shown by aluminum alloys as resistors

of attack by projectiles which overmatch an equivalent weight of steel 4 2 ,

it was considered that such materials might afford resistance to frsmepet

attack superior to that of steel.

Aocordingly, several aluminum alloys in various thicknesses

a.. ibv n tasteda •he. in comparison with samples of steel of

equivalent weight, they have not afforded superior resistance to attack

1W fragment siuxtLtore because they have also been overmatched by such

projectiles, as among themselves they have yielded soe interesting

inforuation.

Under impact or cal. A4S steel-joaketed ball projectiles, a
•- sample or •3-ny (Tala TV) oxhibited better resistanoe t1An

arW other alloy tested. Following in order of their resistance to this

"t ype projectile werb ? 4SS-TI45 (Tables V, VII), RSOI-T 4 6 (Table II),

24S-T 47,48 (Tablen VI, VII), 9 94S-49 (Table IV), and RSOIL-WzO-"l (Tsabes I,

IV) alloys.
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Under impact of the cal. .22 fragnent-otmulator, T57, the

same sample of 24S-RT showed greatest resistance. Following are

14S-W,, RSOX-Ws, 24S-T, 753-T and R001-T in that order,

of the almtintn alloys so tested only the relative status

of 245--T and 75S-T duralumin has been reliably determined with respect

to resistance to actual fragments of 20 mm. high explosive shell.

There is some slight evidence of the standing of the R3014- alloy. On

the btsis of their ability to reduce the enera of attacking fragments,

753-T duralumin is superior to 24S-T duralumin and the RSO1-W alloy

appears to be sonetm at inferior to the 245-T alloy.

Referring to the relative resistanoe of these alloys to the

test projectiles employed here it will be seen that some evidence of

a positive correlation between the results of the cal. .45 tests and

the results of aotual fragmentation tests and a negative correlation

between results of the latter tests and results of cal. .22 fragment-

simulator tests.

R. Ma=gnsium Alloy (Dwmxetal)

In earlier work at this laboratort.2 some promise of resintanoe

to attack by projectiles which overmatch equivalent weights of steel

and aluminum alloys was shown by the magnesium alloy, Dowmetal.

Under attack of cal. .45 steel-jacketed ball projectiles and

cal. .22 fragment-siaulatoru, T57, however, this material offered so

little resistance a to eliminate it from serious consideration-%.

B. Nickel AUQ2ys (Appendix C)

A fairly exhaustive study of one type of Monel Metal and two

types of high-nickel alloys in various ocnditlons of hardnevs ha: been
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The -"islance of none of these samples to perforation by

,al. .45 stael-jaoketfd ball projeotiles or by cal. .22 fragment-

si m,%lating projectiles was comparable wv th an equivalent weight oi

Hadfield manganese steel. In gone--al, ths resistance of the softer

spezimenr of a given alloy whose hardneeses Wad been developed by the

same process tended to be supcrior to harder specimens of the same

type. At a given hardacss, however, specizens whose hardness had. been

developed by cold workiin, plus age hardening were greatly superior to

thobe vhose hardneoese had been -ealized from cold worklng alone. Of

the three alloys tented thc modified WZ" nickel alloy in its best

condition was superior to the others. In its other condition, however,

its resistance was not substantially different from that of any other

alloy in similar conditions.

C• Fabrics (Tabe.-e references are made to Appendix D)

Because of the necessity for employing a material allowing greater

flexibility than metals to protect certain sectiona of the anatco and

still allon the wearer freedom of movement, it was decided to inveati-

gate the resistance characteristics of various fabrics55.

Among fabrics silk has had a traditional role as a recognized

armoring mat!ual. D--ring World War I, although it was never used on

an appreoiable scale, the following findings were rep~rt~d b i WMillia 1.

Taylor, a British goverruental armor speelalists

"TIhe only material that given mterialUl better results thsn

manganese steel is pure woven silk uhiah, against ahrapnel bullota

up to a velocity of 900-1000 foot seoonds, has a distinot advar,.

Uage, weight for weight, over steel. Vow 'xutp.',-silk
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10.8 os. per square foot is proof aginst shrapnel at 800 foot

seoondA., whereas steel to give the same resistanoe would weigh

about 20 oz. (per square foot)t The rslative advantages and dia

advantages of Pilk as oompared with steel for body armor my be

avsrrized as followso

"NSilk does not give nearly the ease resistance as steel

against high velocity or pointed projeetiles (e.g. rifle betale

or bayonet thbn-ta) but on the other hand it does not deform a

bulClet when perforated. A bullet after passing through steel Is

deformed and would cause a very serious wound.

"Against lcm velocity blunt projeotiles (@.a. shrapnel shell

splinters, bomb fragments) up to a certain veloolty silk iU

superior to steel, weight for weight*

"Silk sits better on the wearer than stoul on aecotmt of its

flexibility.

N iFor infantry. silk would pro'bal3 be unconfortably wa*m i

su_• r and would require to be made water and vermin proof&

"Silk is more costly and difficulties of supply would be

greater than with t,,l,,5)

Because of the disposition of the foraes of the emiW in World

War II, the use of silk by the Atllies war out of the question and th

*4 •'ni•ne of silk to fragment attack was of pArely aoademic int•rest

and the only sample tested, while it va in a most inefficient foros

showed excellent re ,sttnoe characteristics when its form, wsbbing 7a

was considered (Table i1).

While the superior resistance of milk is not ehamcteristic of
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&M other fabric, the generml advantages and disadvantages set forth

above by Mr. Taylor obtain for fabrios in generalo

of the fabrics feasible for use in World. War I1, nylon has shown

outstanding ability to resist frapent perforation.

Unlike the resistance of metals, the relative resistance of

fabrics has been similar under both extremes of projectile attack-

oal.l .45 ball projectile attack and cal. .22 fragment-simulating

projectile attack.

Thus we find sized nylon duck5 8 ' 5 9 (Tables I, I) and nylon

parachute cloth60 (Table IVa) superior to unsized nylon ducke1

(Table I11) under both t~ypee of attack while nylon beslting62 (Table V)

affords very poor resistance to both projectiles.

This latter poor showing of the belted nylon reflects the

general inferiority of a fabric in belted form to the same fabric in

loosely laminated form and accentuates the value of silk whichp in

this generally inefficient form compared favorably with nylon in its

(nylon's) most efficient° form.

Fiberglas, a material woven of threads whose fibers have

phenomenal tensile strengths, did not exhibit such resistance as

might be expected free the efficient utilization of this strength. It

was somewhat inferior to the better forms of nylon but still showed

respectable resistance characteiistics's64 Tables VI, Vile). In its

least effloient form, belted" (Table VIII), it was, characteristically,

greatly inferior to its more efficient forms.

An analysis of several types of Fiberglas showed a tendency for

their resistance to reflect the charaoteristics of the yarn and the

cloeenses of the texture, since those hmwing greatest rese.tance were

4__ 4__________



closely woven and made of fine-fibred, multistranded, high-twiat yarn

while those affording least resistance were leea oosely woven bf yarn

with coarser fibers and a lower number of strands

Ite resistance of cotton duck6 (Table I) was spoetaaoiarly Is

and raises the question of consideration of other fabriam in sueh

quasi-proteotive applications as hospital tents, sleeping bags, etc.

A protective fabric submitted by the Canadian government ne

tested67(Table V), but appeared to be inferior to the esam ,niit of

zlcn in resistance to fra•gent-eiwatatro.

Of all the fabrics investigated here, only aized nylon duck ba

been given a significant test by actual frapentation. On the basis

of this test it appeare to be superior in resistance to any other

material, metallic or non-metallic, so far investigated.

However, the resistance of a fabric depends, to a great extents

upon its abilitý to yield at the point of impact under the Initial

contact of the projectile, gradually increasing its resistanoe as it

calle into play, centrifuga.ly, the termatla strength of the- trea-me

This necessitates clearance between the surface of tmwot and the

surface of the target to be protected. In the practioal application

of a protective materiel to body armor this clearance may not be

S~feasible.

D. y3 sticLamates (Table references are made to Appendix K)

The spectacular pjtseial properties of psastio lminatea and the

ease with which they may be made to shape made th4w logial materials

to Investigate.

Of the several types tested heroes, Doron a lamiste of Fiberglas
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imprepatsd with r"uim has shown oonsiBrn, suprri ty-over o14her

typos of lainates. VM66 oe aples69170 (Tsqhl I), cbaraottrist3.oai1

cause the impacting projeotile to expend a great deal of its energy

in delmixating ý,he adheront surfaaes and their resistance to attack

tV cal. 46 baUl projeuJ 41es is superior to that of equivalent welgt4

of steel.

Over a wide varistion of temperature (-6*F. to +175"F.) t.his

mterial maintalrnd. its resistanoe7l (Table II).

Another type of Fiberglais laminate of different manufacture pro-

vided coneide•ably loeb resistano• 7207 (Tables V, Vl).

When cotton duck wse ued as the fabric component of a laminate

the inferiority which was eahibited in the studies of plain fabrics

reasserted Itsel?7 4 (Table V) .

Laminates embodying rubber, either %a an impregnant or as a

oushion75? 8 (TabZes III, IV) wero consistently poor resistors*

"K" panels (sarnwiches of an aluminum alloy beotwen two pieces

of ljoron) showed Intermediate resistance betmeen that of the too

Qomponent* 7 7 278 (Tables VII, VIIX). An increase in the proportion of

the lose resistant material (duxaluat) or an inareeae in the more

resistant Doron was reflected in tho resistance of *he combination.

Much greater issistanne could be obtained, it is coxsidered, if

the Doron omponent wore used ertiroly at a backinig material instead

of being split, front-and-backs The value of Doron tn tne face of the

alminm is dubious, wherese its presence at the rear of the target

may conceivably gud considexraLe resistance tU the lswinate,

Vnfortrately, the speaoulatir asprto.,i of Doron over other

waterials under imlpoo~. of cal. .45 bat1 pxv~stý,tlIs .eto s a~ v r-.

II
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estimation in some quarters, as a frapmont-resistant material. Much

erfoSt has been necessary to keep, frm "going overboard,, for this

material, armor designers who hhve not had the benefit of the complete

story of its resistance to actual fragments and to fraument-oimu3ators

and whose entire knowledge of the material has been carefully confined

to its superiority under a unique test.

While the development of no new material may be attributed solely

to the work discribed above, beoause of the lack of a correlation be-

tween results of tests with fragment-simulating projectiles and results

of actual fragmentation tests, it is considered that the best conditions

of individual materials and perhaps, even classes of materials, have

been well defined as a result of such testso

Thus austexd.tic steels and nickel alloys appear to be at their

besat in the "dead soft" condition,

Fervitic steels appear to be best "as-quenched", fllowed by a

srnsts-rolief treatment at very low tempgrature (about 300F.).

I Altainum alloys appear to be best when they have high tensile

vtrengths, although, if the mechanism of pelaetration is such that

eventual fAilure is in shear, high hardness may be detrimental.

The superiority of silk over other fabrics has not been

emlual.ted but undoubtedly exists. Nylon, of the avmllable fabrios,

.1z ±: superior to othenr; and there is reason to believe that closely

woven, high tslat, wultistrand fabrics are desirable.

Doron undoubtedly stands head and shoulders above other plastic

lalinates tested.

-I EI-I I II I I I II
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IV. Componunt Plate Size ano Disposltinn of Weight

Because of the emphasis on flexibility of the armor garment, the original

model mede use of very small (29) squares of steel as armoring components.

Zexly toeta of complete garment* at this arsenal indicated that these

squares were much too small in that they could be turned about by the

Impacting projectile an#! penetration ef the garment could be effected by

by-passtng the armoriag cwmponent rather than penetrating It. Their meull

size edso promoted the probability of their becomtng eeoondary lethal

fragments. It was urged that wherever the sizet of the armorinM components

cGc&ld be increased without a disproportionate sacrifice of flexibility,

iteps should be undertaken to do son.

keanvhile, these i&eax were reiterated in oonoultt ion with d"eigners

of an Infr-trym~ato vest. These dmeigners demonstrated vhat appreciable

luor~s in plate si._@ could be made without any eacrlfioe in flexibilityv0

Theme opinions have been corroborated in later models of flyers' pro-

tective armor in which much larger plate* are currently employed.

When the resietance of a single sheet of a given material is compared

with that of multiple *heets of the same material of equivalent cumulative

weight, the resistanee of the multiple sheets is generally found to be lover

than tluit of t " I c single -heet, Ths- h h a plausible exlanation n that vhere

penetration is effected by plastic deformation of the inmor tw resistance of

L sheet near its surfaces is less than that near its interior sad the more

sheooe involved, the more surfaoes and the less resistance. Tests of a

ferritic steel submitted for consideration as body armor•1 corroborate this

teneral finding.
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Tests on alminum sheest, howwver, showed that the resistance of

the single sheet was lower82#85 (Tables ITI and VIII of Appendix B).

This ia not inconsistent with the general situation but, rathe•r

distinguishable from it.

Penetration of alumini alloys tested here has generally been

effected by a pushing fa- %ard of the material in the path of the

projectile. Failure in this case occurs from a shearing of the

material after a small rmount of plastic deforsuation. The entire re-

sistance of the material is confined to the period of plastic defotim-

tion. By dividing the weight of such a material into aeverul sheets

the penetrating projectile is required to re-initiate thse mechanism

at each new surface* This results in an overall gain in resistance.

V. _oifications

Since one of the responsibilities of this lxboratory is the

trftnalattAo of knswledge obtained concerning_ materials into require-

ments capable of incorporation into specification, much time has been

expended in suiting information gained concerning the materials ib-

vestigated in these programs to utilization in specification work.

Thus, the knowledge that decarburization and the presenoe of

undissolved carbides in Hadfield maganese steel is detrimental to

it.; al-l"Ity to reeiet P-4-Altle pnfra'tinn lad tn the d veloriiet

and recommendation of tests calculated to discloze the presence ef

these faults.

Similarly, realimation of the extreme variability in the

perforative charactoristics of cal. .45 ball projectiles dictated

recamaendation of the procarement and reservation of standardized

lots of theas projectiles for use in testing armor8"•6o



Data accumulated during the conduct of extensive tests on Had-

field manganese steel furnished the basis of a recommendation of new

requirements for resistance to panotration of prospective body armor

materials 88. This recommendation has as yet. not been acted upon*

Recognition of the inadequacy of a single balVistic limit test

in estimating the true resistance ability of a lot of steel gave rise

to the recommendation of a ballistic test based upon considerations

of the laws of probability 8 9 . Thij recommernation has not as yet been

embodied into the specification.

Since it became apparent that a given material may be aatisfactory

with respect to resistance to actual fragments and yet, in comparison

with other materials be very inferior in resistance to attack br

fragment-aimulating projectiles, considerable care has been taken ty

this Laboratory to define the use of the fragment-eimulator aa an

inspection toole.

Thus, it wo•kld be gravely in error to set a standard of resistanoe

to perforation by such a projectile which all materials would be rb-

quired to skeet. yet it is desirable that a substitute for the prodigal

procedure of the actual fragmentation test be available for lot to lot

inspection.

The foll"'vng prcced,, eted by this laboratory represents a

logical resolution of the problem:

a, A ne material must prove its sufficienWy by exeeding

in resistance to perforation by actual fragments a standard which

has been based on a reliably large number of tests of varios

materials.

b. The samples upon which the sufficiency of the material has

been established are subsequently, subjected to *LUlatic 11. "t
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determinations with the fragment-eimulatore.

C. A statistical analysis of these determinations is thb

made and on the basis of that analysis control limits are

established within which average ballistic limit determinations

of samples of subsequent lots are required to fall.

d. Failure of the average baalistic limit determinations of

samples of a lot to fall within the control limits casts suspicicn

upon control of tht) process a"d a ction is taken based upon the

general principles of quality control by statistical methods.

Such a procedure eliminates arbitrary disorimination against &rg

material since each material sets its own level of performance and may

logically be required to continue at that level*

As more information concerning the important properties of

materials in resisting fragment perforation become known, the adeqacy

of specificaticina may be expected to improve*

W1. Work in pospe2t

While considerable knowledge concerning body armor materials and

design has been gathered sinco the inception of this program, the

surface of the problem has only begun to be scratched. A well conceived

and well executed program of research may conceivably develop a wealth

of information in the next few years.

Such a program shotld logically embrace the following general

considerations:

a. A test as closely reproducing service oonditions as

possible must be developed. (The present frapsntation of 20 ism.

M.E. projectiles reprodu•l4 very well the conditions of attack

againwt bomber personnel, but its appliaation to other servioe

conditiona is questiomwalbi)..)j~
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b. Mar different materials, varying in physical properties,

must be subjected to such a test.

a The results of these tests must be carefully anslyed for

the detection of that pkysical oharacteristic or that combination

4k of physioal characteristics which affects the ability of materials

to resist perforation.

d. A ballistic or a non-ballistic teat capable of disorini-

nating between materials which possess the proper amount of that

characteristic and those which do not mAst be developede

e. Methods of developing in a material the proper tals

of desirable characteristics must be worked oute

f. Realistic evaluation of the undesirable characteristics

such as bulk, rigidity and deformability, tich sometimes must be

accepted along with the desirable characteristic must be made.

The foundations for such a program are beirtg poured currently. *?or

body• ar.-r to protect against the spray of fragnents of 20 s. H.E.

projectiles detonating upon contact with the Oskin, of bombers, the

present 20 a. H.E. fragmentation test is an adequate reproduction of

service attack. Several different materials are schel,.led to be

subjected to this test. Analysis of the result. of suich tests may dis-

close the critical physical characteristic which enhances resistance to

perforation. The present test with the fragment-seiulator way be capal.e

of adaptation to disclose variations in this critical characteristic cr

a non-ballistic test may be devised.

If peacetime research in body armor Is contemplated some such
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orderly procedure must be adopted. All phases of such a pro ,pe..,

except the realistic duplication of service attack by high-explosive

projectiles can quite adeqtatelr be perfomed by this laboratory.

II
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I

U•niOES

(AQplicable to tP'EIJDTI A)

i. 0.0. 422.3/71 - Wtn. 470.5/7443. 2e September 1943.

2. O.o. 422..3/I0O - Wtn. 422/9- 10 November 1943.

i. 0.O. 4122.3/122 - Wtn, 422/12. 27 November 19143.

4. o.o. iO.ui2/5;34 - Wtu. 400.112/ 3o04 7 . 24 February 19144.

5. 0.0, o70.1/36546 - wtn. 472.61/31530. 11 March, 194•4.

6. 0.0. 470.1/39766 - Wtr-. T47.1/7415. io May 19144.

7. o0.0. 470.1/415,27 - wtn. 470.1/54. 18 September 191944.

8. 0.0. 421/3566 - Wtn. 1121/509. T April 19'45.

9. Watertown Arsenal Laboratory Xemorandum Report No. WAL 762ý247.
0Deveaopment of Projectiles to Be Used in Testing Bo•y Armor to
Simulate Flak and 20 M4. H.I. Frafments.4 J. 1. Sullivan.
17 December 1943.

10. Watertown Arsenal Laboratory Memorandum Report No. WAL 762/253.
*Duvelopment of a Projectile to Be Used in Testing Body Armor to
Simulate Fragments of a 20 XM. R.I. Projectile.' J. F. Sullivan.
7 January 1944.

ii. VaLertow*4 A"--nno •Ln-boratory Memorandum Report No. WAL 762/31-.
PComparison of 0-2 Projectlles of Various kufactue.p J. 4 . SUllivnW.

2-3 MaY 19145.-

12. Watertown Arsenal Laboratory Memorandum Report No. VAL 710/351.
*Coupa-ieon of the Pkysical, Chemical, a•d Ballistic Properties of
Various Lots of Caliber .45 M1911 Pistol. Ball Au~unition Used for
Proof Testing of Helmets and Body Armor Components.* A. Hurlioh.
4 December 3944.

13- Watertown Areanal Laboratory Memorandum Report No. VAL 710/740.
"Analysie of Caliber .45 M1911 Pistol Ball Ammunition Submitted by
Aberdeen Froving Gruunv, , A, . B. 27 Anril 19115.
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"Res•stince of Various Steels to Perforation by fragment-Simulating
Projectiles.* J. 7. Sullivan. 15 September 1945.

15. Watertown Arsenal Laboratory Memorandum Report No. VAI TI0/569.
"Beallistie Characteristices of Various 3samples of Zxperiamntal Body
Arior Materials." J. 1. Sullivan. 17 Deeomber 1913.
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20. Watertown Arsenal Laboratory Mc orandum Report No. WAL 710/693.
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in Various Conditions of Hardness to Perforation by Flak-Simulating
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2. Soee Reference 19.

22. Watertown Arsenal Laboratory Memorandum Report No. WAL 710/633.
*L]ffoct of Hardness on Resistance of a Thin-Gauge (.039" to .042')

Modified A 14340 Steel to Perforation by Fragment-Simulating
Pro4in.4a4TAlmm T J.. Sz qlivnne. 17 May 19144.

23. Watertown Arsenal Laboratory Memorandum Report No. WAL 710/617.
OResistance of a Light Gauge Kn-Ko Type Steel to Perforation by
Standard Cal. ý14h Ball Ammunition and by Fragment-Simulating Cal. .22
Projectiles, 0-2.0 J. F. Sullivan. 24 April 1944.

214. Watertown Arsenal Laboratory Memoranduv Report No. WAL 710/64t.
'Resistance of a Light-Gauge (.0391 to .051') Mn-Mo Steel, As
Variously Heat Treated, to Perforation by Small Arms Projectiles.*
J.. I. Sullivan. 3 June 19144.

25 WtetonAre~a;I& N-oaoy U .~.~~ WAT. 710/6514.
'Resistance of Light-Gauge (.0400 to .04V) .25% Mn-4o Steel to

Pbrforation by Fragment-Simulating Projectiles.' Jo. 7. Sullivan.
9 Jme 19414.

26. Watertown Arsenal Laboratory Meaorandum Report No. WAL 710/669.
Nesistance of Austtmpered Mn-Mo Steel to Perforation by Cal. .45
Steel-Jacketed Ball Projectiles.0 J. F. Sullivan. 19 September 1944.
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27. Watertown Argenal Laboratory Memorandum Report No. WAL 710/619.
"Resistance of Ligbt-Gauvge (.041' to .0x6') Samples of 0.70% Carbon
Amola Steel to Perforation by fragment-Simulating Projectileu.'
1J. F. Sullivan. 17 May 1944.

28. Watertown Arsenal Laboratory Memorandum Report No. WAL 710/667.
"*Resitance of Silico-Manganess Spring Steel to Perforation b
Fragmont-Simalating Projectiles." J. F. Sullivan. 1 July 1914.

29. Watertown Arsenal Laboratory Memorandum Report No. WAL7l0/634.
'Resistance of Light-Gauge Si-Ni-Cr-Mo a•d Cr-Mo-V Steels to
Perforation by Wragment-Simulating Projectilee.* J4. . Sullivan.
15 May 1944i.

30. Watertown Arsenal Laboratory Memorandum Report No. WAL 710/S38.
"Resistance of a Light-Gauge (.042@ to .0o46) hnetenitto Steel at
Various Degrees of Hardneus to Perforation by fragment-1imulating
Projectiles.. J. 1. Sullivan. 10 June 19)44.

31- Watertown Arsenal Laboratory Memorandum Report No. VAkJ 710/672.
'Comparative Resistance of Light-Gauge (.045) X4130 Steel and
8630 Steel, Am-Rolled, and After Beat Treatment, to Perforation by
Flak-Simualating Projectiles.' J. 7. Sullivan. 18 September 1944.

32- See Reference 31.

33,. Watertown Arsenal Laboratory Memorandum Report No. WAL 710/697.
"Resistance of N13620 Steel in Various Conditions of Hardness to
Perforation by Plak-Simulating Projectiles.e J. 1. Sullivan.
16 September 1944.

34. Watertown Arsenal Laboratory Memorandum Report No. WAL 710/702.
'Resistance of Variously Heat-Treated Samples of Ni-Mo and Si-Cr-Mo-Zr
Steele to Perforation by Fragment-Simulating Pro"jectiles.
J. 1. Sullivan. 21 October 1944.

35. See Reference 314.
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APPEND]X A

TAB431 IV

(Reference - Report No. WAL 710/(19)

Summary of Ballietic Tests Conducted at Watertown Areenal on,

Light Gange (.0413 to .01-4) Samples of 0.70% Carbon Armola Steel

Submitted by Carnegle-Illinois Steel Corporation

Nominal Chemical. Composition

C Mn P S .$ Mo

.60/470 .7o/.90 .040max. .04O ma%. .20/.35 .20/530

Ballistic Limit (i/S)

Sample____ Gauige Hardness r-231 Gar______

I tem 9
Normalized, oil .-9'9 x 41 Re 1053
quenc)-ed sand tempered. .039* 4-3 Re - 514

Item 10

Normalized, oil .h*O4 49 Re 1057 --
quenched and tempered. .0390 51 Re - 615

Item 11-A uQ4I4w 50 Re - 93Q
Austempered .O46" 19 RO 1165

Item i1-B o0) 53 H il -102
I5s tempr-e d .1%i 514 RC -- 827

For Comoarison:
lu-tl. .oo040 88 Rb 16o0 900
X4antanese Steel .0145' 8 Rb 1675 950

1. Cal. .22 (17 grains)

2. Standard cal.-.45 ball awunmition (steel jacketed) 230 rains.

wan



APPENDIX A

TABILE V*

(kieference - R~eport No. WA.L 71G/1(30)

IIumnary of Cnparc'rAve Ballirtic Tests of Single Tiin Gaie (.0504) Steel

Sheets and Multi-Layered Assemblies of the Same Aggregate WAght

Ballistic Limit (P/5)

S ,mploe ____ _1n - ,- r_.!!2_

one .0 5 00 sheet 967 (piýrtial aenetration) 15714

two .025" sheets - 1290

five .010" sheets 649 (complete penetration) 935

1. 5ta..ird caliber .45 ball ammunition (1'30 grains -

steel jriiketed).

2. Calib•e .2 franent-erivulating p:rojectile - 17 graino.

I.=
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AI TN'I'NVX A

TABLE XX

Cuomparative Resistance of Various Saxples of Steele to Perforation

by Cal. .45 Ball Projectiles

Actual Figare
Thick- Ballistic of

Description of Material ness Limit Merit' Reference

010-2 8630 steel as rolled .0143 378 .41 Table XIV

A-2 Mn-Ko Steel .0o41 378 .42 Table X
R-I 18-S Stainless .0ho1 377 .42 Table XUa

G--l l5-•' Stainless .0Al' 390 .43 Table XVa
13-1 Ni-Mo Steel .050' 439 .44 Table XVII

B nXS6 Steel .o41@ 426 .45 Table XvI

I14-I i-Mo steel .048m 446 .416 Table XVIII
RY-3 Mn-Mo Steel .042M 420 .46 Table I1

A-1 ma-Ho Steel .O4i' 421 .46 Table I

P-1 18-g Stainless .042a 1433 .47 Table ITa

C n 8620 .*04. 439 .A Table XVI

HN-4 Un-No .040 1436 .46 Table X1

D-I 18-8 Stainless .0o42' 445 .4t Table Xfa

D NE 8620 Steel ,(52' 453 .4s Table XVI

11-1 Ni-Mo Steel .049' 1487 .49 Table XVII

24-- Si-Cr-Mo-_r Steel .0+9w 1487 .49 Table XVII
12-1 Ni-Mo steel .045" 498 .50 Table XVII

15-1 li-Mo Steel .O494 500 .50 Table IVII

A. 33 8620 Steel .045' 146 .51 Table XVI

£,-l 15-5 Stainless Steel .0113 1462 .51 Table Zb
11-1 Ni-Mo Steel .0491 514 .52 Table XUII

8F-8 Un-Mo Steel .043' 14.9 .53 Table XIII

C-1 18-8 Stainless 1w 495 -.54 Table UYa

25-1 Si-Or-Mo-Zr Steel .0149' 539 .54 Tab-ie XVII
22-1 Si-Or-No-Zr Steel ,o46u 537 .55 Table fYlu
GT-lO Mn-Mo Steel .0240" 494 .55 Table III

143-3 Or-"Mt-V Steel .o1m' 510 .56 Table. TIII

F NE $620 steel .044@1 526 .56 Table XTI
16-1 Ni-.ie Steel .045" 568 -58 Table XVII

l3-9 N-mao Steel .04a'w 536 .58 Table XIII



A .PT.NDIK A

TALI XX (Oont'd)

Actual Figure
Thick- Ballistic of

Description of Material ness Limit Merit' Reference

9 .70' carbon Lmola steel -0394 5114 .58 Table IV

23-1 SX-Cr-Mo-Zr Steel .0119 579 .58 Table XVII
HE-i Mn-Mo Steel .0x42 5I44 .59 Table XI
1739-3 Si-Ni-Cr-Mo Steel .0111 532 -58 Table VIII
A WS 8620 Steel .0x44 5 -59 Table XVI
mF-2 Mn-Mo Steel .0141m 546 .60 Table XI
EUP-6 Mn-Mo Steel .Ol4On 553 .61 Table XXII

943-1 Or-Mo-V Steel .x421 560 .61 Table III
HP-7 Mn-No Steel .042a 580 .62 Table XXII
27-3 Si-Cr-Mo-Zr Steel .050' 615 .62 Table XVII
A-3 Mn-Mo Steel .04l x 567 .62 Table X
B-4 18-8 Stainless .04is 575 .63 Table XYA
31 Rc Modified SAX 4340 .041' 592 .65 Table 1II

1/21 Hard Stainless (Rockwell C-33) o04s 646 .66 Table II

KY Mn-Mo Steel .040o 592 .66 Table XI
09-2 1-4130 As-Rolled .0o * 616 .67 Table XIV
0-4 18-8 stainless Steel .042' 616 .67 Table XVa

1-3 15-5 Stainless Steel .042' 620 .67 Table XV%
SAS 4330 (Rockwell G-34) .050" 665 .67 Table II
1739-1 (Si-Cr-Ni-Mo Steel) .01423 613 .67 Table VIII
27-1 (Si-Cr-Mo-Z&r Steel) .050% 6814 .6g Table XVTI

26-1 Si-Cr-Mo-Zr Steel .050' 684 .69 Table X"I1
A-1 1L-8 Stainless Steel .042v 624 .48 Table I~a

Half-hard Hadfield Manganese .040" 613 .68 Table VI

Hk-10 Mn-Mo Steel .04p 632 .69 Table XIII
1/2 Hard Austenitic Steel .04v, 625 .68 Table IX

0-i 18-9 Stainless Steel .042v 638 .69 Table XVa
3/1t Hard (Hadfield Manganese) .0o40 625 .69 Table vI

Item 10 (.70% Carbon Amola Steel) .039U 615 .69 Table IV

Full Hard Stainless (Rockwell 0-45) .04m 658 .70 Table I1
17 Re (Modified s" 143140 steel) .039M 626 .70 Table VII

21-a Si-Cr-Mo-Zr Steel .0149N 659 .70 Table XVII

B-1 15-9 Stainless Steel .0412" 656 -71 Table Xfa



A. •NDI)IX A

TABIE XX (Cont'l)

Actual Figure
Thick- Ballistic of

Description of Material nues Limit Merit* Reference

SAN 4330 Rockwell C-36 .048w 698 .71 Table II
JA-.4 Nn-Mo Steel .039' 651 .72 Table X

14All Hard (Lustenitic Steel) .01451 695 .72 Table IX

52 Rc (Modified 3" Steel) .039' 6146 -73 hiable VII
1/14 Hard (Austenitic Steel) .0e45 699 .73 Table IX
7-1 Siloco-Manganeee .0o2m 692 -74 Table III

5-i Siloco-Manganese o039' 679 .76 Table XIII
C (erzitle steool) .048' 745 .76 Table I
Austenitic Steel .042' 729 .79 Table IX

GT-9 Mn-Mo .039' 699 .79 Table III
I(yirritia Stoel) .048a 822 .814 Table 1
943-2 Or-Mo-V Steel .OblU 777 .85 Tabl V11I
1739-2 Si-Ni-C"-Mo Steel .0o40 783 .87 ftble VII
11-A .70% Carbon Amola Stool .0o44N 30 .*9 Table IN
GT-2 hn-Mo Type .0x4m 974 -9 Table III
1/4 Rockwell Stainless (Rockwell C-27) .051' 912 .90 Table II

Z (HEdfield Steel) .0436 g8g .91 Table I
11-1 (70% Carbon Amola Steel) .041v 827 .91 Table IV
A Hadfield Stool .046' 898 .94 Table I
2-3 n-M*o Steel .0514 962 -95 Table I

B-2 kn-Mo Steel .051' 963 .95 Table X
B (jerritie Steel) .048m 940 .96 Table I
C-10-1 8630 Steel (Heat Treated) .042' 980 .96 Table XI¥

NE 9630 Hadfield Kangaesee .0420 8990 -96 Table XIm
B-1 (Light Weight Mn-No Steel) .051' 970 .96 Table -"

HadfMield Manganese (Ave:rago) .050N 1000 lI-O) Table IU
G-9-1 1 14.30 Heat Treated (01 •17 .1,nn ,,b,. ,W1Cx.
Hadfield Manganese, As Annealed 044m 949 1.01 Table VI
124-2 Hadfield Manganeee .0141' 946 .. 014 Table XVIII

GT-3 Mn-No Steel .0504 1042 1.04 Table III
GT-! Mn-Mo Type Steel .0349' 1027 l.O04 Table III
A-62 Unfield Steel .044v' 1131 1.20 Table I
I Eadmflo Steel .1043' 1117 1.20 Table I



APiiNOrX A

TABLLi~ XX (Cont'd)

yiegure of merit determlned from the formula:
YSU3t x i00

__IV - where YSjB is the ballistic limit of the subject sample and

•AD tis the ballistic limit chax-acterilsti of samPles of Rflefl& mmgqnese

steel of equivalent weight.



AP!T2EDIX A

MI3 IXII

Comparative Resistance of Various Samples of Steele to Perforation

bY Cal. .22 lragmeut-Sinuuat1n Projectile, G-2

Actual limne

Thick- Ballistic of
Dascription of Material noes Limit KeritO Re6foevne

15-2 Mi-Mo Steel .049~. 0 93 .51 Table XVII

17-2 li-Mo Steel .0-49 935 .54 Table WVII

14-2 li-Ko Steel .014aw 950 -55 Table XTII
3-2 15-8 Stainless Steel .01426 900 .55 Table XIS

H-2 15-8 Stainless Steel .0420 915 .56 Table XTI

C-2 19-5 Stainless Steel .0o42 985 .60 Table XV&

11-2 Ni-*o Steel .017* 1030 .60 Table XYII

4-2 19-18 Stainleus Steel .0428 975 .60 Tible IXa

13-2 It-Mo Steel .o70 104-5 .61 Table X1II

A-1 MR-Ko Steel .0414 100& .62 Table X
21--2 Si-QW-MoZr Steel .O17 105 .62 Table XVII

11-3 (.70 Carbon Leola Stool) *01la 1020 .63 Table IV

D-2 18-B Stainless Steel .0429 1033 .63 Table XVa
16-2 nI-Mo Steel .0418W 1085 .63 Table IV!!

7-2 19-8 Stainless Steel .01425 1035 .64 Table iva
24-2 st-~or-oz steel .0116* 1097 .65 table XF4
A-? 19-S Stainless Steel .042N 1052 .65 Table Xl&

0-2 19-8 Staiulet, Steel .01;2% 1055 .65 Tabl* Us

39 Rc Mo&ified WA Steel .0OWN 1043 .65 Table VII

A--2 Wa-*o Steel .0410 107? .66 Table X
9 (.70% Darbon Aola Steel) .0396 1053 .66 Table IV

10 (.70% Carbon Asola Steel) .0we 1051 .66 Table IV
1739-3 (si-11-Cr--ao Steel) .0411 1089 67 Table V111

B-2 195- Stalnless Steel .0429 1095 .67 Table lft

H7-1 Mn-Ko Stool .0142 1092 .67 table II
Pall Bard Stainless (Rockwell i ) .01_1,. ,11. -E. T)le ...... IT

12-2 Xi-Mo Steel .0471 1155 .65 va.bi xvII
1/29 Hart Stainless (R•okvall 0-33) .0x14g 173 o66 2ablo IH

H"1-5 Xn-#Mo Steel .040' 1056 .60 Table 1I
29 Re (godifiod sW 13ý10 Steel) .0400 1101 .69 Table VII



TARLI XXI (Cont'd)

Actual rigure

Thick- Ullistic of
Description of Material ness Limit Merit' Referenoe

11-9 (.70% Carbon Arola Steel) .0460 1165 .69 Table III

GT-1O Mn-Mo Type Stoel .0400" 1105 .69 Table III

1/2 Hard (A.tstenitic Steel) .01414 1155 .70 Table IX

943-3 (Or-Xo-V Steel) .041m 1132 .70 Table VIII

H II 86V steel .0441; 1155 .70 Table XVI

52 Ro (Modified S" 4340 Steel) .0 390 1129 .71 Table VII

6-1 silico Mangmanee .043" 1170 .71 Table XII

0-5 19-9 Stainless Steel .0420 1175 .72 Table ZVa

Austenitie Steel .0142w 1171 -72 Table IU

813-1 Or-mo-V Steel .01424 1166 .72 Table VIII
lull Hard (Anstenitio Steel) .046' 1237 -73 Table IX

A-4 Mn-Mo Steel .039' 1163 .73 Table X

1739-1 Si-Ni-Cr-Mo Steel .042' 1212 .74 Table VIII
3/14 HErrd (Hadfield Manganese Steel) .0406 1184 .714 Table VI

HJ-3 Wn-Ko Steel .042' 1215 -75 Table X1

EJ-2 Mn-No Steel .o41W 1234 .76 Table XI

1/4 Hard (Austenitic Steel) .0456 1283 .77 Table IX

Half Hard (Hadfield Manganese) .0O1, 1232 -77 Table VI

23-2 Si-Or-Mo-Zr Steel .0147' 1305 .77 Table XVIX

G = 8620 Steel .(Y+4, 1307 -79 Ta3le X"I

HY-4 Mn-Mo Steel .0404 1270 .79 Table XT

26-6 Si-Cr-Mo-Zr Steel .048' 1370 .50 Table XVII

843-2 Or-Mo-V Steel .0oI' 1322 .52 Table VIII

C10-1 5630 Steel -Heat Treated .042' 1390 .85 Table XIV

OT-9 Mn-Mo Type Steel .0392 1375 .87 Table III

"A-3 n--Mo Type Steel .041' 1327 .88 Table X

sAx 4330 (Rockwell 0-34) .050s 1545 .85 Table II

.050* Steel Sheets & Multi-Layered .050m 15t14 .90 Table V
.11 Assemblies

S" 14330 (Rockwell 0-36) .0145. 1553 .90 table II



A Piý,NDIX A

TABLE XXI (Cont'd)

Actual Figure
Thick- Ballistic of

Description of Material nome Limit Merit" Referenoe

Hadfield Manganese, As Annealed .01•O0 1510 .94 Table VI

Hadfield Manganese, As Annealed .0141p 1570 .94 Table VI

1/14N Hard Stainless (Rockwell 0-27) .0510 1675 .95 Table II

B-2 M'-No Steel .0514 1715 .97 Table X

09-1 X4130 Heat Treated .014s 1683 .9s Table XIV

12A-1 Hadfield Manganese .041' 1600 .99 Table XVIII

D-4 Xn-Ko steel .051* 1750 .99 Table X

B-3 Xn-Mo Steel .051' 1741 .99 Table 1
B-1 lb-Mo Stool .0510 1755 .99 Table X

Hadfield Manganese (Average) .0504 1750 1.00 Table II

21-2 Si-Gr-Mo-Zr Steel .0474 1660 1.00 Table XVII

22-2 Si-Or-Mo-Zr -0450 1685 1.01 Table X"II

GT-2 an-Ho Type Steel .01480 1775 1.03 -%ble III

8-5 siliao Mwaganese .04"N 1760 1.08 Table III

GT-3 Mn-Mo Type Steel .0500 1923 1.10 Table III

GT-l NMn-o Type Steel .0490 1913 1.10 Table III

*1igure of merit deterained from the forwula:

VSiW x 100 where V50 Is the ballistic limit of the subject sample and

-VaU
VFAD is the balliptic limit characteristic of sample orf Hadfield manganese

steel of equivalent weight.
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16. Piqt't lo. WA& 710/716,b '~iootazo. of arlten fmlabn *f 111.. of
.020' ad. .025' gbeet, of AlataVa Alloy (AN-A-13 2*s-r) to Pertoretleu

19. loeprt No. UAL 762/Al. Obvuolupsent of Pwejeot~sug* toVUed. In Tuettm~
Roo Armr4, to hiwlaste ElAk mA m0orn. NJ.X Iftwaflwe.' 4 ~, Iunlllvh

-1O. Ueport IF*. WuY 762/E3. '3)snloPmaat of a irea..tn4 t so a. u4 14
Toutin M~dr Ale, to StwiNAt frSA~MsUtaf to .E31r*ti.,' -

1. ivu 1.SCtr. =Jr 1944. .,

?I. Z~powt X99 14 764/061, Luerton of 0-2 ln~ntti~a 4of 1449"~

MXfltufl' S.. Suv,23NOT

21. Report 'woo VALe 10/73S, %.sietan. of MauiolA maugms* steel in Yorm
of Rol*p taml, to Portqnti~onby Zwýet-SlmO4"Wpr ".04. J. 1.0 AuMTivn
4)64r11l1943.s
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(beformnas " uart No. WAZ 710/5)6)

Bmr1 of Naitett Naste Oondufled at Katertons Araseal On

Taxtouz Nuabo'r of Plies of .02010 Alun-imfw Al). Ibot

so. FA* ttlQa

6 .043 703. 92

7 w05 796-

£057 909 1175

10.01-11

.096 159

ACVxumw Alloy (Ave).O1 .711 aNO

,Steel (Ao.)

2. cal. 42 tzAavwt,-swAutiug pri~ntil* 3.7, gvtne.

W- -



A PPENDIX B

TA.BLE IV

(Roference - Report No. WAL 710/636)

of Baillitic Tests Ooi4u'cted at Watertown Axsenal on

Your Types of Thin Aluminum Alloy Shoets

SAVuITAlent Ballistic Limit 7/5

Sample Steel Gauge F_1_ a..r

R3CI-T .044N 7614 725

R311-V .o45@ 842 715

.08W Q4140 4 729

2'.*-RT o01414o 8 74 780

for Comparison.

Fladiield Kangausso¢ .0"I40 1660 9W•

I. Oal. .22 framunt-simultinlg projectile - 17 grains.

2. Ca&e .45 (stoel-jeoketed) ball projeotile - 230 grains.



TABLIX V

(Reforkinoe - R•port No, WAjI 710/657)

qummarv of Penetration Toots Oonducted at Watrtown Arsenal on

Light-Oauge Samples of Al',uminum Alloy (753-T)

Squlvalent Ballistic Limit r/a
Steel

Lot 38031-1 .127' .0450 820 818
38031-,Z .16 o005 - 776

Lot 3803,-1 .123 o.44 786 765
3803L-2 .1Nw .044 - 780

LOt 38033-1 .122 04 825 684
39033-2 .123 2 - 681

Lot 38034-1 .121 .o4 07 839
38034I-2 0123 .0 - 768

for Gopparison;

&Ml gSsO- G043 16145 930steel

1. Ul. .22 fragwent-sizulatIng Projectile - 17 grains.

2. CAl. .45 (stiol-jacketed) ball projQctile - 230 grains.

I



T VI

(Re.ference - Reor S. WA 710/706)

Su.mma y of Tttt ; czat, at Wa4ierto Arsenal On - ples of

A4ST Aklwir.%rm Yxn' lhed by iberdeen PFrvint, Grou-td

Xqiiiv.
A•ctual Grams/ steel Zallstio Limit F/S

__!i~.am N. Gago Sq~l't. Gaueo .4 G_ e I-I-A3  0-4-S'4

IA .155' 1.015 .055, - 998 512 1078
S.157 1032 .056 - 1050 537 1126
ID •154 31017 .055 891 - - -
iD .155 '1016 .055 900 - - -

PA .159 1040 ,056 - 1035 505 1090
3 .156 1035 .056 - 1015 520 1075

2u 153 995 .o5,4 8143 - - -
aD .156 1031 .056 862 - -

3A .158 1037 .056 - 1010 538 IC72
3B •155 1020 .055 - 1053 530 1076
3C .156 1034 .056 896 - - -
3) .. 19, 1015 .055 882 - - -

.•156 1033 .056 A 1015 469 1075
4 •155 1023 .05• - 96g 4So 1035
40 .153 1001 .05ý 907 - - -
4.)155 1015 .055 90a - - -
5A ,158 1035 .056 - 1023 530 1077
53- 157 2037 ,056 " 1035 535 1035
50 .155 1017 .OV J.0
5D .156 1031 .056 937 -..

For 0om~pa.rlt on •

Hadield M 4ga me- 5. 75
steel 950 1675

I. Cal. .45 steel-jaoketed projeotile - 230 gaiMns.

2. Cal. .22 fragm xt-sumulating projectile - 17 /gr•ins.
3- Cal- .30 fraeient-eimulating projietii6 - 150 ' --'

4. Cal.-.30 fragment-simu1ating projectile - 314 gra•,ue.

-|--



AYPPENDI( B

TA.II VII

(Re.erence - Report No. WAL 710/713)

Summary of Ballistic Test* Conducted at Watertown Arsenal on

Jam~les of 243T and 7.S-'T Duralumin Which Had Been

Previously Su-bjected to Fragmentation Tests at

Aberdeen Proving Ground

Nominal Actual Grarii/ toIv. Ballistic Limit I/b
_Zr't Saxple No. Xoyau Atua Graun/ sc. tee 74P _"? G-1--33

75S-T 9 .156' .1540 1016 -055' 922
8 .156 .5)4 1008 .o54 - 960+25 10W6323
9 .156 .160 1043 .056 81s7
9 .156 .157 102o .056 - 97'0+ 5 '1077±27
.2 .a56 .156 1022 .055 8S9'
2 2 .156 .155 1016 .055 - 95510 1083-23
1 1 .125 .127 832 -046 772

, 11 .125 .123 798 .043 - 7"Y%15 (25-10
* 7 .125 -125 • 21 .o44 753
• 7 .125 .125 516 .044 - So025 o03±23

5 .125 .124 821 o44 790
S8 ,125 127 839 .0o5 - 8MIT77 898:13

1 .102 .100 656 .035 522
1 .102 .101 664 •036 - 728±13 803±23
4 1 .102 .103 672 ,036 5M
,4 .102 o102 671c 036 - 760130 720.Z5

20 .102 .101 665 .036 541
20 .102 .102 662 -036 - 725±A40 723"13

24"T 1 r- L.r5 -I5K --me 1031 nl 0,17
N 16- -53 .156 .157 1028 .056 - 103,0 102-5+15
* T-A-69 .156 .161 1o64C .057 880I 7-A-69 156 .157 1022 .055 - 96") 10)4gly
" 1 3-A-67 .156 -13;7 1028 .56 929

13--A-67 .156 .159 1032 .056 - 933,23 1090±15
LO---179 .125 .12.4 s86 .04 720

* 10-179 .125 .125 831 ,0,45 - 923+27 870±25
* 13-A-136 .125 .124 837 .015 777
"N 13-.-136 .125 .125 836 0o45 - 925±10 86817
' 13-13-183 .125 .127 837 .0o5 736

16 .102 .o104 6g4 °037 569
16 12 15 678 .03-1 735+±20 7 le-2-U

29 .102 .10)4 2 :03 - 7140±215 69(t15
29 .102 .o04 69 .o037 5_
"29 .102 .104 682 .035 - 775t F5 7)4521O

For Gomparlsoun
Eatwoeld ang&%me steoe .0451 950 1675 1050



APi;ENDMIX B

?ABIz Vill

(Reference - Report No. WAL 710/718)

Siuwaary: of Ballistic TestsQondinoted. at Watertown Arsenal on

Sam~ples of AX-&-13 A.Iunintmi S~etet at Yariow Pu iles

otmalml Ecfuiv.
Uxpls 6iat~e Gramsf Steel Ballistic Limit4IP

so. t:; J.l4is. G . W --

AB-tr-13 Ara6vm2U 755 -0140x 521 7OL*t15

A--3 A-$ e; .OaO. loc.".2 X054 103=t30 702! 7

AN--A-13 .4O Y.. .020 1273.7 .069 .1253*112 923+1 3

3TA-1 -4 14 .025 660. .036 763-* 3 569!10

AA-A-13 3-5 5 .025 52t .044 350±15 670!20

iXA1 -6 6 .Opýj 968.7 .052 926±13 725t15

ANF-A-13 :A-7 '1 .025 1153 .062 11)45ta0 815±+10

Nor ComarisonR

a~luminu%3 Alloy S ,0a0 - .043 927 -
(Ave.)

AluminUM14 21$0T single Plate .125 83 5 .0145 827 866

3. U1i. .22 faatswltlgprOjectile - 17 grain&.

2. 0tl. .30 trze-tnltnprojectile - 34$ ramizu.

3. VAL 710/5:,re.

4, WAL 7101?23.
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( (Arlicable to AK"YoNIDD D)

1. 0.0. 423/98 - wtn. 423/161, 17 Deasceber 1943-

2. 0.0. 423/121 - Wtn. 423/1699 14 Fobr.arY 1944-.

3- 0.0. 423/T544 - wt. 400.1121/3053, 3 March 1944.

4. 0.0. 426/1580 - Wtn. 426/275, 14 Karah 191-.

5- o.o. 126/2009 - wtI. 426/294, 29 March 194-.

6. 0.o. 100.112/6295 - wtn. 400.M112/3062, 3 April 19144.

7, o.o. W0o.n2/1z51 4 - Wt,. Wo.11vo/3061, 6 April 1944.

8. 0.0. 423/7754 - Wtn. 400.112/3083. -13 April 1944.

9. 0.0. 400.112/6902 - Wti. 400.112/.097, 29 April 19)41.

10. 0,0. 423/7942 - wtin. 423/177. May 1944L.

11. 0.0. 423/79n1 - Witu- 140.112/3573, 19 Kay 194)4.

12. 0.0. 4,23/7893-- wta. 423/179. 22 May 19414.

13. 0.0. 40.112/6993 - wtn. 400.112/3096. 29 May 1944.

14. 0.0. 400.112/9391 - Wtn. WaUi.wL2IY 3 AL&5A 4 * L.7

15- Report Jo. WAL 710/540. susistaflc of Unsised 19-Ou200 Nkrlon Dunk

to Perforation by Pr-gmeent-Simulalting Projectiles.* J. r. sfllivan,

29 August 19-4.

16. Repor% No. WAL 710/596. *Resistance to Perforation by 314-Qrain

Fregaent-Sizallting Projectile, G-1-3, of Various Numbern of Layers

of 17-1/2 OuZces Nylon Duck.6 J. I. Sullivan, 17 March 1944.

17. Report No. VAL 710/610. fEffect of Qxilting Upon the REalstauc* to

Perforation of Tiber Glass 30J-11-162, J. 7. Sullivau, 20 April 1944.

15. Report No. WAL 710/613. fResistanes of 6-Ply Glass Webbing to

Perforation by Various Small Axe Projectiles.- J. 7. Sullivea,

20 April 1944.

19. Report No. WAL 710/614. •R•sistance of Two "s of Yilon Belting

to Perforation by Various Small Arms Projectile*,$ Z. 1. Sullivan,

21 April 1944.



KrUUECZS(OoNTD)

20. Report No. WAL 710/616. *Ruistance of Various 14,jwre of 17-1/2
Ounce Nylon to Several Typee of Small Arms Pr-o.jectilos. J. F.
Sullivan, 22 April 1944.

21. Report go. WAL 710/649. %esistarce of 7-Ply SIlk Webbing to
Perforation by Y raPam-Simulating Projectille.. J. F. Sullivan,
3 June 19414.

22. Report No. WAL 710/653. Resistawce of Various Sqxples of riberglas
to Perforatton by Fragment-3imulatinC Projectiles.0 J. F. Sullian.,
10 Juwe 1944.

q3. Report No. WAL 710/659. ORasistanA of Weinberger Protective Fabric
and of Its Components to Perforation by Fragment-S1iulating Frojectiles..
J. F. Sullivan, 30 June 194.4

214. Report Do. WAI. 710/660. OResistance of Nylon Parare lo Cloth to
Perfnration by ]rasent,-Silating Projoctiles.0 J. Y. Sullivan,
1 July 19~44.

25. Report No. WAL 762/2t47. gDevelopment of Projeotiles, to Be Used in
Testing Body Armor, to Simulate Flak and 20 am. HN Fragments.'
J. Y. Sullivan, 17 December 1943,

26. Report lo. WAXL 762/253. *Development of a• ?ro•ectile to Be UueA in

Testing Body Arr, to Situlate Yrsgmeints of a 20 rm. HA Projectile."
t, . 5uliiiau, 7 Jawaar 1-_,44.

27- Report No. WAL 762/314. sCoparison of G-2 Projectil•s of Vawloum
Manufacture.0 J. 7. Sullivan, 23 NXj 1945.
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APPENDIX D
TA13le III

(Reference Report No. IYAL 710/540)

Comparison of Resistance Characteristics of Unsizad 19-Ounoe
Nyln Dck wfi-TTFuo-s-e oT ~i~ 37-.1/276Ounceý Nylon aju-k

Equivalent Ballistic Limit
Steel F

Material Plies Gauge Cal. .45* -122

17-1/2-Ounce, Sized 9 .055" 500 --

19-Ounce, Unsized 11 .056" 627 1260

17-1/2-Ounce, Sized 10 .0371 675 1215

19-vunce, Unsized 12 .039" 629 128,3

17-1/Z-Ounce, Sized II1 .040" 704 1510

19-Ounce, UnsIzed 15 .045" 655' 1509

17-1/2-Ounce, Sized 12 °044" 750 1360

19--Ounce,Unsixed 14 .046" 688 1350

1. Cal. .45 steel-jacketed ball projectile - 250 grair4.

2. Cal. .22 fragment-simulating projectile - 17 grains.



APP17NDIX D

TABLE iVa
(Reference Rep~or No. WAL 710/660)

Sumuary of Penetration Tests Conducted at Watertowi Aruenal on

Equivalent Ballistic Limit (F/S)
Steel

3 waple Gauge G-21 Cal. .452

NFD-M6I/3 .044n 1370 676

1,FD-170 .044" 1435 656

4FD-172 .044" 1435 712

For Compario~on:

17-1/2 oz. Nylon Duck .044" 1360 750

1. Cal. .22 fragment-simulating projectile - 17 grains.

2. Cal. .45 (steel-jacketed) ball projectile - ?30 grains.



TABLK IVL'

(Referenlce RepGt ,L~-No. WAL 710/660)

Data CnSJtr' ap of ItI- 1 1,ar.achuto Cloth
-f nt N oýus anT CompanY

j t Brgh Noig

'tarBn 11elrgt High Bright High TarightYHg
ar YeTonicitY TenacitY e&ot

Warp7O-3-S70 -3-7 10544-5

Filling 7-357-37l~ 
4

WaeCargo 
2 x 'L Twill. Taf feta

weave Rip--StOP

Cons tructio01 (100m 0ox"nt) 00 x e, 4, x 3 60 x 64

Reed 
4012 4212 5012

Reed Widt~h 
40" 40.9" 40"

pickwheel. 
64 90 64

Finishter 
Huguet Bjuguat 1Iuguot

Finished Constr'Qcti-011 
90 x 88 96 xc 98 68x6

Finishled Width 
56"-1/6"V

u 1osi US 12 81

Thcee 0 .0 owlb"t 0.0056'r 0 ,0082Y

Weight(z/s~d 
1.85 2100 2,04

Tensile Strength (I." strip) 94x86 1bs. 99x9B it*. )3j1z1O4 Ibis.

Tear (Tongue) 
63LM7,2 lbs. )27 l2b-s. 9. 6ac9.4 lbO.

Tear (Trapezoid) 
14.5x16.

7 lbs 
29.5x27.0 3b.bB
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(Re.orevs euof i.IE-.-U 710/03)

3MMof DWbUlligt Toots Coaftattd at Ibrtozw

Various g6 As al

NO. Of Puss ~~Lqw Col. .41 04*

NOD-=2 107 .0644 69B
30-Ue-ls 96 .044s- on li
zoC..11 94 .088
a00.46 75 .00"s an10
300-U7 '79 04"671 4
moo-M2 58 6044s e47 0
300-428 45 .044" 561

Soo-ag1 18 104"m M5 3
300-162 19 04 5
1-1549 ea.44 6912

117-1/2 0=". 1 04 750 I56
NylotiiDuck

1ladfiv14

(Average)

" 1. m. .45 (vut1-3ackwvt) b&fl pmo.4*t±2. - W5 rSfM.!
2. a0. .2z frogmmnto-GUOa~ti" proJect1U 3 17 psim.

X.~
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TABLE VIIc
(Refer-ence Report No. WAL 71.0/65-3)

Correlation Between Resistance to Perforati~on of Fibargl SaMP1ec
and Their -Yarn ariýdTexture Characetlilgs

Ends
per

Blallistic Limit (?/S) S le inch Yarn

5,0 1-1581 59 Z25-1/5-5 TPI
588 ECC-115 48 225-1/0-1W TPI
595 E(Cc-128 42 225-1/5-5 TPI
618 Ecc-162 28 225-2/5-5 TPI
547 igCC-127 42 450.8/2-S5 TPI
669 1-1549 21 225-4/4-5 TFI
671 ECC-fl7 64 225-1/0-J.1 TPI
698 ECC-112 40 450-1/2-5 TPI
698 EGO-hG 60 45O0-/-5 ?fl
I/S2 ECC-161 28 450-4/5-5 TPI
758 ECC-158 6 4 4504/2-5 TPI

Cal., .22 Fragint-Sixulating k'rojectileg

956 ECC-162 28 2~25-4/5-5 TFI
974 ECC-11.7 64 29as-./0-11 ZPX
968 X-1561 39 225-1/3-5 ?fl
1022 X-1549 21 Z25-4/4-5 TPI
1050 ECO-US5 48 225-1/0ý-11 TPI
1056 EGG-liZ 40 4c104 -c
1062 ECC-116 60 450-1/2-5 rPiE
1002 ECC-1SZ7 42 450-5/2.-5 TPI
1090 see-128 42 225/1/5-5 TPI
1108 ECC-158 6.4 450/2/12-5 Tfl
1188 100-3.61 28 450-4/5-5 TFI1
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TABLE VIII
(Reference Report No. WAL 710/615)

S ummzary of B~allistic Testsa Conducted at Watertown Axsenal on

Equivalent B alis8t ic L im it

Sample Tested Steel Thickness a-1-sl- G-I-A2 G-25 .454

Tautly atretched on rigid wooden frame-back unsupprted:

Glass webbing (ES-ply) 1079W U12l 691 1500 786
Nylon Duck (12 -ply) .044R nlos 566 1360 750
Hadfield Steel (Average) .044" 1050 475 1660 940

Strapped on aawdust-filled canvas dwm~:

Glaas Webbing (6-ply) .079n 1U75 - 1360

Nylon Duck (U1-ply) .0400 1090 -1360 -

1. Cal.. .50 (54 grain)
2. Cal. .50 (150 grain)
3. Cal. .22 (17 grain)
4. Standard Cal. .45 ball ammunition (steel-jacketed 250 grains)

AX4
*MIX



TABLE 11
(Reference Re6Fpo-F N,. WAL 710/649)

Sunlrarv uf Ballistic Tests Conducted at Watertown Arsenal

Russell Manutfacturing Cosegan

Ballistic Liait IS
Sample Tested Steel Thickness Cal. , 4 51 ___

Silk Webbing (7-Ply) .042" 724 15356

Nylon Webbing .041" 557 1065

"Nylon Duck (12-Ply) .044" 750 1560

Glias Webbing 0CY79" 786 1500
(6-Ply)

Hadfield Steel .042" 920 185
(Average)

1. Caliber .45 (steel-jacketed) ball projectile - 2M grains.

2. Caliber .22 fragment-aismlating projectile - 17 grains.

I
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TABLE X
(Reference Report No. WAL 710/659)

Summary of Penetration Tests Conducted at Watertown Arsenal on
Samples or Winberger Protective FabrTc ad Its 00 n e -iW

Equivalent BallIm tic Limits (F/S)
Steel

Sap ge 0 -1-Al r-I-S2, 0-5 Cal. .i 4

Complete Assembly .040" 488 961 110f 5M0
4 Plies Corded Component .046" ....-- 1044 506

3 Plies Corded Component .034" -- - 990 474
3 Plies Corded Component .046" - 1C28 -

(coated with rubber)
4 Plies Quilting .L3e" - - - 756
3 Plies Quilting .051" - - 694

2 Plies Quilting 054" - - 1080 613
1 ply Quilting .017" - 804 460

For Comparison:

11 Plies 174 oz. Nylon Duck .040Q 567 1058 1310 704

Hadfield Manganese Steel .040" - 900 1600 900

L Cal. .50 fragment-simulating projectile - 150 grains.
2.Cal. .50 fragment-simulating projectile - 54 grains.
5. Cal. .22 fragment-aimulating projectile - 17 grains.
4. Cal. .45 (steel-jacketed) ball projectile - Z50 grains.

5I

-- - .. .. . .



APPENDIX P

TAILS X

2t~ tkv ReistvomtoPerforation b

Cal. t15 Bull Prjoaetlleo of Various Fabric 5aples

UquhI?. cal.9

Materil ~-" Limt of Merit* RUferencs

U rile.6 #4S CDOtto D .014769 41 Table. I
11 plies cordSd coWoneat of Weinberger s.c.4 505 56 Table X

Prot. Fabric

Nyioan3eltia .000 517 57 Table T

llbcrglas (X-i5ti) .0*m 5419 5S Table VI.&

Nylon leltiag .0410 537 59 table I
Weinberger Protective fabric *O040" 560 62 fable A

Yiberglas (500-115) o 0414* 585 63 Table VIIa

1iberglas (200-125) .034.4 593 63 table PU.&
Siberglas (too-n3) oQ414w 623 66 table WI.A
fiberglas (100-162) .0141s 6Si 66 to))1* WID.

llbergla (M0-127) o0141m6 £17 69 fable, VI Im
3 pilets quilted Component of Welab rgo 21 *6 al

Prot. Pabrie

Nylont Para&4nte Cloth .0441w 656 70 Table IT*
19 oim vmaiso Ufloz. lst (12 iii..) .039* 64 71 21ot. inI

Yibergios (900-417) o044*' 6T7 71 table VIZ.
1iberglas (1-15419) o4* 669 T1 Table VIla

19 ca.o unaaud 1lno Baick (14i plies) .0140 66 72 table III

N~in Parsohite, Qloth .o1411 676 72 Table IV.
Nylon Paraciutte Cloth .O0l56 699 73 Table I

21 Plies flbcgias (z-ii Pius 1L
ply UkJ at. tic. M~a viah S~ riUsz* 0451 £97 73 fables VI

19 cisc. uflued Nyle Dusk (i3 pliss) .043%1 655 fi table 111
11beuwlas (300-112) .0440 figs 7%1 table flIa
Tlbwsgla (300-116) .04 699 y11 Yablip flIt

ltbwgla~~I (500138 .04 @411



APPENDIX 1)

T&LU ]a (OM ~I)

3quilv.

Materia Low :imt of soets* rofers@

21 plies frberglas (300-162) Plus P1 ply 5 T1 13 %able vi
l7k Oz. Arlon Duck with S-inch qmlilting

23 plies Fiberglas (386-162) with 21 .04f5 710 75 Table VI
quilting

Nylax Faraahiute 010th .044%l 712 76 Tabu #a'

21 plies 1lberglas (30-162) plus I, ply .(~ 797 VO ID
171 *s. Xylem Daok with 4-laoh quilting

21 plies Tibergias (3IM-162) plus 1 ply .05 73 S TbeV
171 oz. W&lia Du&k with 1-inch quil~ting .15 3 1 Tbe

U 31Isi, stooud iA ea. Wide Bn k .01100 70a 78 Table I

Yiberglas (zoo-l61) .044m& 732 75 UU Tle V

fnberglas (300-131) .044"1  736 79 table visa

Bilk Webbing .02120 72~4 79 tale II

'12 plies vised. 171 o*Mce NyrlxDoak .04 so 75U0ble -1

17 Plies Jibergin (200-162) plus 3 pliles.04g 76,fboT

sized jii owoc Nylon iDmk

0,14we of nerit djetermlueu býy this for-"*. T ~100 vm T= Is the

ba.lleict~ 1imt of the subject s..el. ad V"Is the s*ezosoteralet ballietftn
limit of an epuIvaleat veight of UWSMZe~ amgil *%e"I..

-. 5'.



APPENDIX D

Ooqarative Iftles~ao to Ptrfomatisa

0s.1.. g fresut-SimU~ting lroleotilee of Various 7abric Sample

Xquiv. 0.. .22
steel W TSalal F.u.

1ater U'l bwL Mlmt ofj Mort$* A*0M

11 pile. #9 0Otten Vak .Q047PPS" 52 TAble I

ribergias (100-162) .0444 956 58 tale VIZ.

Pibeigla. (200-117) .0440 971t 59 Table lila

M1eralas (300-158) .0~44 958 60 table VIII&

171021 Belting .0)400 973 61 ~ ytl

3 Plies of ciorded compone.nt of Winberge 04i6q 1026 62 Tal x
Prot. Pabria Ooated, with Fabric

It~ plies of oorded component of Wein-bargor .0~ 20o 6 table Z
Pot. -ftbr t

hiberglas (100m-15) .04 103D 62 Toble Tug.

Silserg1&a (in-15~49) .0k444 1022 62 Uabe VXIZ
Fibserfilas (Acc-lit) o0~44* 1036 62 table Vila
1ibwg]La (300-116) .0446 1062 64 Tabli'vYIlm

Ylbergasx (300--127) .044 1062 65 Table Vila
Nylon Belting .o1i* 1053 65 Table V

Fibergla (300-113) x01~e 1101 66 table TI!.

Zibergle.. (200-125) .c4)i logo 66 ftble V,72,0

Fiber1ae" (100-139) .0449 1106 67 Tsble VII.

21 Plies Fibeglas (300-162) plus I Pvj .074 56 1130 61 Table, TS
eise I~i oz. Nylon Doak with $a qU1tbwg

Jbyle. Belting .0k4it l065 S? Table v

Mt p1 ie Wfbergi. (moo-162) p2Ia I pl.7
*iued lii oaee Nylon Duck with i-laek .01150 1135 63 Unabl 1

quilt lU
Y1iberclas (GOG-135) .0442 3~ 68 tabxVleaI!

.21 plies Fiberglas (300-162) plus I p V i i~ 69 tbeV
IBIA4 iA 0%. lyisa Rvk with )P~ qultiag



TAM N1II, P( t

Weisberger fwtvot1c~v PabrIc .0400 1109 TW Xb*
21 plies llbogglh (bOo-162) pba I p3.i fte 13 0 !b~ V
sixod Ili ea. 5.r1M va~ with 10 q&i1W 37 7 INV

23 Ales. ftrglae (3900-162) with V' .046 nor 71 Tabls V2

23 plies Ylberglas (300-162) plus 1 Ply .0* 12P* 7 Table TI
aimed iii *I. 4~101L Dmok with 20quatiag

17 P1104 Wl*lbM1 (zoo-162) Plus 3 Plies
sized IAh oN. W'168 Duk with 2eqa1tIM~ *0454 IM0 T2 Table 11

ftib~rcla (W00-16) .01,4' un T %bie wu.O
23 plies ftberclas (300-162) plv& 1 ply'W
.size ilios. Syloui Lack with 20 qaij3lug .0319 1290 T4 ZbeT

13 plSIe unlsise. 19 oumos NYII&VU -C.043 ' 13M ~ 00 !Ihu 11U.

1~4 P11.. =6110d, 19 mOWN NYluM WAk .0468 1L330 so b2 o III
12 plies uulve?,u. 19 *ar'e* flaue Dank .0393 U*361beU
11 plies *sots4 VAI ovae lYXIM Dk MonS0 1310 82 ARbbis III
12 plies mixed Iii ow'o. lylon :w* OMO~ IL36 1.2 bm

Silk WOObbUW .0420 1336 - 2 242

11 plies fixed 17* on. Ralca~ .0400 lob~ 6

Wyls Pr~arcaite Guthk .0~4)I lli35 96 24
371e. P.Arackate cloth .03155 114" S6

Plpr. et Paracbatewian Mein -045 bit a

-2gr fKr dtrie r b Am -M Xw IM~ vuw*a Two.Ato O

limit t of a *ep~&w1x~t w*Uj~t of NWemi 11 aw"ae Owl..
**As vtrqre:s to a .aW~t-file N1. u~avi iw.

"A' 11W .



TA1TA ZI IU

A~~ 7llguws of Mer-it for Tarloms 7abrl**

Material of Merit,

Nylo~n Duck - alse& 19

Fibergias CSOU-ijs) 7

511k VabbUmW 79

NlFlon Parao)hat. Cloth 73
1710k Duck - Obelsod 72

Vslzberpr ro tsulvo Aabile - Qiated Alcaat, 69

UU*~trger Protective labrii - OoqW1.t* 62

Xyloa 301lft u

~ .A'W-01I Mlura ol- O 1rded



API'ENPIJL D

nave-raeigurn of Merit for Veinsm FabrIes

Vith R.espect to flisir Perforation by 0&1. -.2E

Utarwof Merit

Nylon Pwraohate Mloth 85
N~ylon lank - Siand 82

Bilk Webbiug 52

Nylon mak - Umise so 8

WetAabrgar Prtotetive rabrn. - GlWWIt 69

NylonR Mituin 63
Velabergur P~rotecthve Fabric - (brdeA flwaunt 62

Cotton laik 52



APPrflMhX I

-PLASTIC LUNINAT!ES



(Applicasble to APFIMDU Z)

1. 0.0. 1122.3/Tl - N"a. '70.5/111113. 28 awjted 2,943-

2. 0.0. kv2.T/100 - vtn. '122/9. 10 Sovaor 19413-

3. 0.0. 4122.3/122 - vta. 4MI22/2 27 *"Nwr 19 43 -

41. 0.0. 1170.5/5262 - ita. 4170.517M-5 9 JubtuarY 3Yh4)1

5. 0.0. 4W0.1121139412 - ifta. 400.112/31341. 19 Jaw XSIA-1

6. 0.0. )470.2/4176 - via. 4$70-1/795%. 13 July X941).

7. 0.0. hw0.112/As16z - Via. 1100.11/3. 29 July 19W11

s. 0.0. ko00.1115010 - Via. Wom.12/316y. 7 LUSmt xg~k.

9. M5 160/39511/117)12 - Via. W1001123722. 141 Dnd@6w x944-

10. Report 11o. VAL~ 710/26. MOaSItamoO Of KL PWWig MAW14W bF $110~
V. S. ftRbber aoqipay to 34wfinrat tea I*1a~m-~i~ Px*Jeottlee.*
J0 P. Suallivm 3 Jamumrw- 19415.

11. Reprt No.- VAL 110/2811. maslstancs of various Imalmatos awp11.d b7'
U. a. kubbox Co. to Perforation by cal. A51 ztssl-jaa~xtod Rau

12. Report No. M T* 10/296. esolataaoo of £.ft1ee of I P~ws to Ff~tl~ptlo

0-2.4 1. 3. Mulllw&. 28 Meoembr 1,9%41.

13. RePOrt No- VAL 710/317- MUksatanc Of &M1.a of ZMWtU~w *I1tto
%W Vieotwy Pleat los Comaay to Peforfation by l~Pmt--"Ulutw2

141. apport iSo. wAR. To/56s. ftsellaiso GbersotrIstlom of Various Saqiles
of bUperinsatal Body' Araoi Katerials.. J. 1P. sullaam. 17 Dome 19113.

15. "ePort No- WAI 710/61n1. ftioutance of Varl.eas a ~es of Plinetlos
Saterbals to Perforation b1 rý-8n7tgPojtl.

16. Resort No.* VAL 7710/689. Massistanee of various Tip" of Laaimuo.
WIq~lld b7 U1. S. Iubber ft. to Perferatiou by Iiakfi-5mAxtia ftojeotl3.omo

J0 1r. Sullivan. 21 Augwi 293%4.

101



bforuaee (Coat'&
(Applicableo to APPF'DIX K

17. IMPOrt 3..- W.L 710/699. ftffooto of Righ T'Inporata" (+.1737?.) MAi
low ?sqw.at'w. (-650r.)~ up*& W ItesKtstemo of Dinr (Ips #I) to
Perferatiaon I 71.k-34mul.ating Projectie." J. P. So11Iv53.

15. Ilpo2t No. VAL 710/132. ftaistawno. f Various Ilastle Lonimates. No&
'by Victory Plastics Co., to Purforationi 17 lwsgamet-Giwa4ASng PtOJIGOUtS.s
J. P. avan"m. 22 Mwob '1945.

19. ZUPort No- K&AI 762/2~47. M'mvopmnmst of ?rojoottl3*o to U. Use& is
Testing Body Armor, to Simulate lAk on& 20 mm. 19Pamet.

20. BWPart No. VAL 762/253. ODM,.3pment of a hojockilov to Jo Used. In
TotiMu Body Axao. to S2umlate, Fragments of a 20 ma. IM Pwrooetio*
JO 1. Stallivsa. 7 Jaunnry 19U.

21. Roport No. VAL 762/3114. NoOarison of 0-2 Projestilos of Varions
y~mafactuws.S J. 1. OullIwan. 23 NOY 1945-



AP•PMDIX E

2ULI I

(Rotor**o - Report so. VAL 710/6161)

32!EZ7 of llistlo Tests Oonduated at!Vatertoa Ars•a•_1 *a

arioaus Plastic Materials (Wor) Sub ,itted, bU quters/tor .o.p.

quartermastor ]qnivalaut iSW - tur.
Idontifioatica Steel 0au~. Tom. -6007. Iinarelea !I

R-i)4i 34029' 760 1161

1-o40113 .o41W 103T - 1Q06 1135 t •906- -
R18.0•1al - - 91 ,. 7

"1-117 .0142B i-43 1043 1 30 -0X•-1 7 .0420 10o VT o3 - -

R-1.59 .0V10 1105 - - 1453- 9 -
*--i6 .0o50 1152 - - 103 16
R-124 .0o45' 1117 .1.2- - 975 133
R-1M .o046 1090 1123 - 955 1 30
-120 .o46w 1162 1173 - ?68 1165 -

R-113 ok17a i10& 111x - 144' 995 134I5
For Comparsons . -,

.01011 7014 - -- 55 12115
900;u §W - 900 1600

ftol .0145 950 - - - 1050 1675

1. Cl Ib r .b45 (steel-jacketed) ball. projeotile - 230 javsl.

2. OalIboi .30 fr*4• t•i-esulati projectile - 150 &va'.

3. Os•libr .30 fragenat-sin1t•15 pnjootilo - 3)4 VaLu.

4. Caliber .22 fragment-olwalatiW Pp•ojeotile - 17 WAs.

4-'



TAML I I

(Reference - lpoot No. VAL 710/699)
Sazuy of Nallistia Tests Oom6actoi at WxtertOwA Azoeual On

fMes of Doroze ofi ( 1) hki ok 1.4 lroyletisz Soon "'-Joctea to
Direct 20 m. B.I. ifragomatation Testa at hboreOn Pvuvim Gzevad

Sample Cl 1 -

(Samplos fir"~ at roan teigvatm", &%-T*osir..)A

3R474IG 1010 1 01

ON7II 973 13
1I740 909 1

101491035 14
2474 2.09 1 8

1560A 1060 13461
R515& 1015 1275
15820 1014 1373

(mmsaml :tire4 at -65* at end of 4&th ph&** of wealberiag cycle)$

R153Ao 1030 -

35821 1021 -

15740 10 1

15790 13-
B575D - 1285

(temples first at roan texperature at end of 4~th phas. of veatheriz~g 47010)1
1 065 -

11-11117 -

(Saqw1.. ftre4~ *t a ut o 5th pbase of veathouirg cycle)$

R59 ~ 16
15713 - 1(010
IL574D -o~ 111

-.T 120
- 141

fUi~.ftri4 Mt reas teinvrature at 0;4 of 5th pbAse of weatbarixg cycele)$

(doaples firet at +t .after a lat pMs of Mw1 vvathorixg cycle 4d.ng
whichL tUpesature of eabizot roso above 20007. for a peziod. of evermal hours).

,15M 650 -

"157D 569
15930 536
R IK & ". 6 0
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Lit

I yol On - -O -q Ow . VAR PC.

I paw .0511' - OW6 - -0626 .

a OI 031' - 06za -062s 1.0 Vol*
I ia.'I .Ojas - .062. - .0&0 1.03 que Qk i*

I pefel ADO -0ft* -.0628 III Id*P27T~.
1 hX4 .012' - .0651' - .051 .10

UK ?mj. .0 - .0514 - .0510 1.06 A6

t WK .0wj - .05 ts pne1 t.00 -OW
s VMW 006%4 -- 009141- .03510 Z-10 .0WA

POW% ~e .07 - On - 00 .0 MN14

,Oe - 2* rl - - -

stI
I. Ga. A5 -a 1-saiz,-23



TABLE V II I

(Reference - Report go. VAL 7,10/286)
Sunamr of Ballistle Tests 0.4duct.4 at V~ow AZrBa*1- CA

5azqt1*s of 4K Famelog Submittvd ty U. So N*b*r 00-

SMIMlla WS-WU Gross ftick. (G71a") $4.Pt. ftle.

.15m-.051"-.051* A .2L" 142 135 .013' :j

3 I=l 35 .1073
1~3 .0 3*ý Z7

0 -Lu
a .205W

* .9' 13g6 91T 3

J .211M 1305 959 .02 an

-064--0510-0516 ~ .199" 127 _

1312 2

1287

1 .193' 1306 0~ 0526 7
j .2014 1213 680: 3

.21' mod~~

S ,20: 1199 an1 .Out' 1093
7 .2000 1233 906 T019 30 -

1 .200' T 9~
1 .2064 12z

.o4o&-.o6k*.-.o0ks A :13: .601150 11i-3
S .190' 11". :0124 117

a :102: lim.0)470 1

7 116"*A

2"fei X&AWM - -I .0135' 95D 1ism

1. &a. A15 OSS.1-jaeskst" -all Woct11@ Odmi.

W.b. .22 f*W4Pm-*InOI,&Sfg jaweettle, - 17 a~m.



TA= ZU

F-W 2qmxtxtiv. ResistaIc of Varioius 8aftlo of Laminates

to Perforatlea 'by W. .245 3.11 fw.estilos

tOKI

Material LUISi of Merit* R~efrsmo

12Am-assin couinbiitiam .039, 367 141 tba III

3-Dmokes "-27i 1Krta-asisi viL- 21*14 .040ao
N-' Owe Qied LUbber Tllfer 3 auI

1ibwuglAv.jk*IA coehbiatiea .0k3w 1A 47 Table III
3-Deaker OvpLY 1Kbewgla9-Uastm with 48o %big IT

21-PV Nylon Owed Rebor Fller

"3-Iy Dank (.080'). k-ply1 Temito 01 512 53 ?able T
allernate lays"m

altarmats 1a811

Nyles-.Rubber Ocabin&%t1.a -01450 569 60 table III
41S Panel .O0iO' - OAN~. - .06kfl .04l6w 623. 65 Ubla Till
'O' fragi .06110 - .0510 - .051' .051* 683 68 bble nix

a~m Pamei x~e - .064ai - o0621I .0440 w 69 tau1 Till
NX0 Fraole s0~406 - .06h" - .06210 .0450 655 69 Yable viI I
4EU Fausi .o)~n - .o64m - o064m .0117' 686 71. Tabl. Till

Sm 01 PaeI. .0611' - .051d - .01 .0510 719 71 UI Tll II
*Ka P~ael -051-8 - .004'c - .0"01 Ohgg9 723 73 feb3. T1I1

AO 1an01 -0514 - .0614s - O00w .02490 721 73 ulls Till
q1' Panel -0516 - .062f1- .06%0' .0290 730 724 ?abi.1nil
9xv Pau .o2400 - OAV4 - o6424 .0246o 115 Wa?7 VI

&V laa.1 .051' - *0621 - .0640 .4019 7240 75 %~a1I will
e0a JPael .0644 - .051' - -0510 .0496 779 79 y u
flan raw% .072' - .051' - -. Us1 .091 19 V~ ~

II PaI .061ts .00%f .0510 Ows0 798 E
22"'py Z155 ribeglae, eeatedt wifh WIW, W 94Loperelao m, adUam pres sue 800 ps.&t

.J.



=2-ply U1551 Fibe.g1as, coated with aI1W .04 917 83 IOU v
c6isperslia, moldiag pr~ssiu. SMC F~.1

2"-py X1551 7llbezglasa.**at" with ViMY I . i2 i
d.isperuion, uUth( proago 2000 p.G.i. 829 ml

22-ply 11551 Yiberglas, cost" with FUml Ig3 527s T ab
di~es.rion, usolug Preswo 1000 P-9-1.

2"17ll XL551 liberSlai, oested with Vinyl 04g U ml
dlepowleRo, mo16im~ Pvulow 1000 p~s.i.*

22-VIly IM551 JSIb.a)..a .O~t. Wih V~UWl h4O 17 8% "bg
diepwr.ia. moldiug prOGUw. 1000 IP999.S.

22VY3 n1551 Fliiglaa.m t*ata' with Vihy1 Oj~ an 44 lal
dispersion, SoldIug y"CGUZOa 650 P*RiI&1

22-ly 11551 Wibwglas coated Witk TIWyl .0117n no0 ej 21l
dispersion, melting pressur0e, e.1

z2-Lzy n1551 MWIbagAS. c.1t.5 with ViVI ~ 8
djIporgion, matn rosw UMpSI

22'I1 X1551 1lborglam, coat*& with VUy1 We~ 821 86 ftbI. T
d.1.pwsio2n. we~ldig pressure 100 p,s.2,.

0n1 Pawl. .0510 - .0620 - -0628 We~ 1241 86 2bbl. VII

"2-lyU1552. 1ibergIa. coated witb Visyl .0 18m SmI AT Table V
ispvere1ea, mo141n5s Pressrawe 8-00 a1.

2"IyJ n551 Triure flu, uuaw W A",&& ^%~&,.weab

NNW 6ipwlseria, smitinig prossure 1000 F.S ..
22-piy n1551 Jribergias. uemake with YlylV 1.

dimaspion, m. iabg proastr.e 650 P*.I..

A ~15-ply X1551 11bergias coat*A with YiNW1
£lupervieai 7j47y Neaym catoEL dith .04180b*

TVIsy 4iwe"riOM alternate 1ews, Is
esiate Portloal 250 P-u.S.

19-ply n1551 ribergias ooeat4 with Ysayl
41spersiem; 9-p2.v Putvar (.0050)9 alter- A134 96~ 85h I v

* 2-py 155 lberglas, am .t"aa119-91y 04,
GUtar(. 4s)9 sltemate ajws;0pe*

age rw]. .0640 - CP314 - -0510 OweI6 so ~a~s
Wer P'anel .Mm1 - .0620 - .06e' .-*To goo 91 ýU ?V&

WS OM~I ADO. - .06r - .Owt 962 "is 5 vu~.



Materstoo 1 74Wt.1Mat .1

22--ply XL551 71boSwgU*& 2"17j TVayl1*
(-00";) altM~ate 1.WWO9 aldIM PM W .01*7* 1~0A 103 2able V

Ds ne(2pL) - -150 .0124 9711 106 table?

(" IL - --6 02 9% '0 b

Rra("yp 1) * -113 .oby@ 11011 ILA. bble I

D a("p I) a- R1 .0%.60 10"6 11 Imble I

UDrem (Tyjpe 1) *-4110411 Ohio1 103T 11?4 2*10 1

Dmron ("yp 1) 2-4 .01.26 1060 U5 TOIL@ I

zaran (ugp* 1) t- a-o). .01.06 loin1 16 gable

bron (2y"e 1) I- 1159 .0440& fl0p no6 UkI 2

Dawea (uips 1) - 1.0438 21107 319 tableu

]*"a (We'e ) &-lu 1-1U3.01 U05 1i1 Ifble

Darala (type I) - 1k-11 A& 1152 1i1 tble

DarnM (Type I) - 1-120 ."S.6 1162 12 aeI

*YlSSr. Of SWIt 6arla fr th fo ~ Tom x 10

IAWW Vajin is the bellistio U~t of Us. subject ,s1eA on& yaILS tho

bonlet5.. limit abaracteristi. Of @@W'1en of IaSfie1 g~k.s steel Or
equlYvalat weight.



SLEU
of FND U*l m"o It wfm

!!V- mw NE

3-ftobWt &Tp3. W1s-u W 21-91Y 4~12M ftu

23VI~Y 200-229 rlbwglas; 23-14r leru
wm("Iea); satormt. levr.; mswae .01138 1025 62 IOU V

roS66W 500w .1

age Paw .051w - .60- .0ow1 .0116' 1Im' A

"IVOp1 ROG-1*6 fibuV~m o.mWA wt
Y29 WV. Buiws1 *a beth *i8... mq-a 01130 PE 6 b~
posetaot5.s Aw3dmsM preiasw 500 P-s 1.

can lana - .0003 .0%86 - .0510 .050' 1170 67 %bul VRI

as* Jeme - o05o o061n - .064a" .01194 IW6 67 %no.4 ~

age vaw1 - -% 0611'pm *06%6 .0%I56 33* 67 IM

age Jama - *Q0los - .061s .0021 .U015 I1s 67 IOUl

vas i.as - o,:i - .051n a0. "W20 We.'3

I%@ ovnalI - .A1os - .0pe1 -%4 "A)1i .0a5 wu Val
ale ]nawl - ow10 - .,0&01 - .000 .5"s UN TO6 7 ~ eI

age manaI - on*1 - o06s - apes MOO0 1q63 7M SODV4 v

ft s fol - .0ne0 - .06119 - .OA' .011t 135 * ).

Rts i~o. - .0&01 - .053.' - .051' .0119. upT Ia

SKIPiul-p*~ - og*1 - .0510 .0500 "U1 ".0@ ~I

gas Iweol - .0516 - .0001 - -ow .090' 1330 76 Zsw

a.qm Mw 1) - 1t-31 015V13 7

Dwm t1 ) - *-U3 .0%167 79



stool MGM1~it1 plguw

"Ke omel .07r - AIM1W - .0510 ."a15 132-7 79 %able TUl

gas 11lm .0510 - .0620 - .0628 04169 1L350 so Table lU

own raa .0)10" -. 406r" - SOW2 .01"S 1332 w tbl. VII
ago 10.01 .064& 0 ,1 - .051'O .On051' i*10 OD Table VII

!Ov Pool1 .072V - *Me51 - .0510 .051'O 10125 a1 Tble Tfl

Iteel ftjo I) - t-*150 .0124 1L370 94mA

~w0 (iT'e 1) - IL-12 .0MO 11430 65 %Mo

U a(V"p I) - *-1* .0405 1113 56 ftble I

v-ma (ftep L) - I ft.0"0 1380 66 ImbI. I
#496 rdnel .051' - .0629 - .062' .0)6 11160 88 Table Tu

arm ("jp 14 - 3-W4)1 .0k]15 111EO 90 2ablo 1

mmý Anw .) -1-118 .Okla Ai1j 92 IabIe*

*s'law* at mrsSt dateimiae4 from tb. fWMgA, wh- 100 toi tko

ba11i~ti.ms &v% fa aJeet 66016 MA TZ" Us the Ualistim lI~t eharacteriintl
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17terit -45 sau_ -lift

""l. mgA 5 (511) 13 ..

axe POW.&* tax-) 19

Mae PMOLS (sbhl. Vill) 13 7



1.mims"* with .fts to Thei I"stu I*s
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